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\HOORZ￿ UHG￿￿ EURZQ￿ RU￿ EODFN￿ LQ￿ FRORXU￿￿ 7KH￿ VHHGV￿ PDWXUH￿ ￿￿ WR￿ ￿￿ ZHHNV￿ DIWHU￿
IHUWLOL]DWLRQ￿￿ 6HVDPH￿ JURZV￿ LQGHWHUPLQDWHO\￿￿ SURGXFLQJ￿ QHZ￿ OHDYHV￿￿ IORZHUV￿ DQG￿
FDSVXOHV￿DW￿WKH￿VDPH￿WLPH￿￿)LJ￿￿￿￿DV￿ORQJ￿DV￿WKH￿ZHDWKHU￿FRQGLWLRQV￿SHUPLW￿￿7KH￿
JURZWK￿F\FOH￿LV￿FRPSOHWHG￿ZLWKLQ￿￿￿￿WR￿￿￿￿￿GD\V￿GHSHQGLQJ￿RQ￿WKH￿YDULHW\￿DQG￿
JURZWK￿FRQGLWLRQV￿￿
6HVDPH￿LV￿ZHOO￿DGDSWHG￿WR￿KLJK￿JURZWK￿WHPSHUDWXUHV￿RI￿XS￿WR￿￿￿
R&￿DQG￿GURXJKW￿￿
+RZHYHU￿￿LW￿UHTXLUHV￿DGHTXDWH￿PRLVWXUH￿DW￿VRZLQJ￿DQG￿HDUO\￿JURZWK￿DQG￿DW￿OHDVW￿￿￿￿￿
WR￿￿￿￿￿PP￿RI￿UDLQIDOO￿SHU￿VHDVRQ￿IRU￿UHDVRQDEOH￿\LHOGV￿￿5DLQIDOO￿ODWH￿LQ￿WKH￿VHDVRQ￿
SURORQJV￿JURZWK￿DQG￿LQFUHDVHV￿VHHG￿ORVV￿GXH￿WR￿VKDWWHULQJ￿￿7KH￿FURS￿FDQ￿JURZ￿RQ￿D￿
UDQJH￿RI￿VRLO￿EXW￿SHUIRUPV￿EHVW￿RQ￿ZHOO￿GUDLQHG￿￿IHUWLOH￿PHGLXP￿WH[WXUHG￿VRLOV￿ZLWK￿
QHXWUDO￿S+￿￿,W￿KDV￿D￿YHU\￿ORZ￿WROHUDQFH￿WR￿VDOLQLW\￿DQG￿LV￿KLJKO\￿VXVFHSWLEOH￿WR￿ZDWHU￿
ORJJLQJ￿￿
2ULJLQ￿DQG￿GLVWULEXWLRQ￿
6HVDPH￿LV￿RQH￿RI￿WKH￿ROGHVW￿FXOWLYDWHG￿FURSV￿NQRZQ￿WR￿PDQ￿￿,W￿ZDV￿D￿KLJKO\￿SUL]HG￿
RLOVHHG￿LQ￿WKH￿DQFLHQW￿ZRUOG￿EHFDXVH￿RI￿LWV￿UHVLVWDQFH￿WR￿GURXJKW￿￿WKH￿HDVH￿WR￿H[WUDFW￿
RLO￿ IURP￿ VHHGV￿ DQG￿ WKH￿ KLJK￿ VWDELOLW\￿ RI￿ WKH￿ RLO￿ ￿/DQJKDP￿ ￿￿ :LHPHUV￿￿ ￿￿￿￿￿￿￿
$UFKHRORJLFDO￿UHPDLQV￿RI￿VHVDPH￿GDWLQJ￿EDFN￿WR￿￿￿￿￿￿￿%&￿KDYH￿EHHQ￿IRXQG￿LQ￿WKH￿
+DUDSSD￿YDOOH\￿LQ￿WKH￿,QGLDQ￿VXEFRQWLQHQW￿￿%HGLJLDQ￿￿￿+DUODQ￿￿￿￿￿￿￿￿￿7KH￿RULJLQ￿
RI￿WKH￿FURS￿KDV￿EHHQ￿D￿PDMRU￿VXEMHFW￿RI￿GLVFXVVLRQ￿￿ZLWK￿SURSRVDOV￿IRU￿DQ￿$IULFDQ￿RU￿
,QGLDQ￿GRPHVWLFDWLRQ￿￿%DVHG￿RQ￿YDULRXV￿OLQHV￿RI￿HYLGHQFH￿LQFOXGLQJ￿F\WRJHQHWLFV￿￿
ELRFKHPLFDO￿FRPSRVLWLRQ￿￿QXFOHDU￿'1$￿PDUNHU￿FRPSDULVRQV￿DQG￿FXOWXUDO￿KLVWRU\￿WR￿
QDPH￿ D￿ IHZ￿￿ %HGLJLDQ￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿ KDV￿ FRQFOXGHG￿ WKDW￿ WKLV￿ VSHFLHV￿ ZDV￿ ILUVW￿
GRPHVWLFDWHG￿ RQ￿ WKH￿ ,QGLDQ￿ VXEFRQWLQHQW￿￿ )URP￿ WKHUH￿￿ LW￿ VSUHDG￿ WR￿ $IULFD￿￿ WKH￿
0HGLWHUUDQHDQ￿￿DQG￿WKH￿)DU￿(DVW￿￿DQG￿LQWR￿WKH￿$PHULFDV￿IROORZLQJ￿WUDGH￿URXWHV￿￿
7RGD\￿VHVDPH￿LV￿ZLGHO\￿JURZQ￿LQ￿&KLQD￿￿-DSDQ￿￿.RUHD￿￿7XUNH\￿￿,QGLD￿￿86$￿￿6RXWK￿
$PHULFD￿DQG￿SDUWV￿RI￿$IULFD￿DV￿DQ￿RLO￿VHHG￿￿
￿￿ ￿￿
￿
)LJ￿￿￿6HVDPH￿SODQWV￿LQ￿EORRP￿￿ZLWK￿FDSVXOHV￿￿RSHQ￿IORZHUV￿DQG￿LPPDWXUH￿EXGV￿RQ￿WKH￿VDPH￿
SODQW￿￿
6HVDPH￿SURGXFWLRQ￿DQG￿XWLOLVDWLRQ￿DV￿DQ￿RLO￿FURS￿
,QGLD￿ DQG￿ &KLQD￿ DUH￿ WKH￿ ZRUOG￿V￿ ODUJHVW￿ SURGXFHUV￿ RI￿ VHVDPH￿￿ IROORZHG￿ E\￿
0\DQPDU￿￿ 6XGDQ￿￿ 8JDQGD￿￿ 1LJHULD￿￿ 3DNLVWDQ￿￿ (WKLRSLD￿ DQG￿ %DQJODGHVK￿
￿)$267$7￿ GDWD￿￿ ￿￿￿￿￿￿￿ ,Q￿ ￿￿￿￿￿￿ WKH￿ WRWDO￿ ZRUOG￿ SURGXFWLRQ￿ ZDV￿ DERXW￿ ￿￿￿￿￿
PLOOLRQ￿WRQV￿JURZQ￿RQ￿￿￿￿￿￿PLOOLRQ￿KHFWDUHV￿￿RI￿ZKLFK￿￿￿￿￿￿￿ZDV￿SURGXFHG￿LQ￿
$IULFD￿￿6HVDPH￿FXUUHQWO\￿UDQNV￿VL[WK￿LQ￿WKH￿ZRUOG￿SURGXFWLRQ￿RI￿HGLEOH￿RLO￿VHHGV￿
￿7DEOH￿￿￿￿DQG￿WZHOIWK￿IRU￿YHJHWDEOH￿RLO￿SURGXFHG￿￿7DEOH￿￿￿￿￿
7DEOH￿￿￿:RUOG￿SURGXFWLRQ￿RI￿PDMRU￿RLO￿VHHGV￿LQ￿￿￿￿￿￿
2LO￿FURSV￿ 3URGXFWLRQ￿￿0LOOLRQ￿WRQV￿￿
6R\EHDQV￿ ￿￿￿￿￿￿￿￿￿￿￿￿
6HHG￿&RWWRQ￿ ￿￿￿￿￿￿￿￿￿￿￿
5DSHVHHG￿ ￿￿￿￿￿￿￿￿￿￿￿
*URXQGQXWV￿LQ￿6KHOO￿ ￿￿￿￿￿￿￿￿￿￿￿
6XQIORZHU￿6HHG￿ ￿￿￿￿￿￿￿￿￿￿￿
6HVDPH￿6HHG￿ ￿￿￿￿￿￿￿￿￿￿
/LQVHHG￿ ￿￿￿￿￿￿￿￿￿￿
&DVWRU￿%HDQV￿ ￿￿￿￿￿￿￿￿￿￿
6DIIORZHU￿6HHG￿ ￿￿￿￿￿￿￿￿
0XVWDUG￿6HHG￿ ￿￿￿￿￿￿￿￿
6RXUFH￿￿KWWS￿￿￿IDRVWDW￿IDR￿RUJ￿￿￿
)$267$7￿GDWD￿￿￿￿￿￿￿￿/DVW￿XSGDWHG￿-XO\￿￿￿￿￿￿￿￿￿￿￿ ￿
7DEOH￿￿￿:RUOG￿SURGXFWLRQ￿RI￿YHJHWDEOH￿RLO￿LQ￿￿￿￿￿￿
2LO￿W\SH￿ 3URGXFWLRQ￿￿PLOOLRQ￿WRQV￿￿
2LO￿RI￿6R\D￿%HDQV￿ ￿￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿3DOP￿ ￿￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿5DSH￿DQG￿PXVWDUG￿VHHG￿ ￿￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿6XQIORZHU￿6HHG￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿*URXQGQXWV￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿&RWWRQ￿6HHG￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿&RFRQXWV￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿3DOP￿.HUQHOV￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿2OLYH￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿0DL]H￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿5LFH￿%UDQ￿ ￿￿￿￿￿￿￿￿￿￿
2LO￿RI￿6HVDPH￿6HHG￿ ￿￿￿￿￿￿￿￿
2LO￿RI￿RWKHU￿FURSV￿ ￿￿￿￿￿￿￿￿￿￿
6RXUFH￿￿KWWS￿￿￿IDRVWDW￿IDR￿RUJ￿￿￿
)$267$7￿GDWD￿￿￿￿￿￿￿￿/DVW￿XSGDWHG￿$XJXVW￿￿￿￿￿￿￿￿￿
7KH￿ORZ￿UDQNLQJ￿RI￿VHVDPH￿RQ￿WKH￿YHJHWDEOH￿RLO￿PDUNHW￿PD\￿EH￿DWWULEXWHG￿WR￿
VHYHUDO￿IDFWRUV￿LQFOXGLQJ￿ORZ￿VHHG￿\LHOG￿￿GLIILFXOW\￿WR￿PHFKDQLVH￿KDUYHVWLQJ￿DQG￿
VWURQJ￿FRPSHWLWLRQ￿IURP￿PRUH￿FKHDSO\￿SURGXFHG￿YHJHWDEOH￿RLOV￿VXFK￿DV￿SDOP￿DQG￿
FRFRQXW￿RLO￿￿,Q￿DGGLWLRQ￿￿WKHUH￿KDV￿EHHQ￿OLPLWHG￿EUHHGLQJ￿HIIRUW￿￿ODUJHO\￿GXH￿WR￿WKH￿
IDFW￿WKDW￿LW￿LV￿PDLQO\￿SURGXFHG￿LQ￿UHVRXUFH￿SRRU￿GHYHORSLQJ￿FRXQWULHV￿WKDW￿FDQQRW￿
VXVWDLQ￿ORQJ￿WHUP￿LPSURYHPHQW￿SURJUDPV￿IRU￿WKH￿FURS￿￿7KH￿HVWDEOLVKPHQW￿RI￿VHVDPH￿
DV￿D￿PDMRU￿FURS￿KDV￿EHHQ￿H[WUHPHO\￿VORZ￿FRQVLGHULQJ￿LWV￿ORQJ￿KLVWRU\￿￿7KH￿XVH￿RI￿
PRGHUQ￿ SODQW￿ EUHHGLQJ￿ NQRZOHGJH￿ DQG￿QHZ￿WHFKQRORJLHV￿FRXOG￿EHQHILW￿UHVHDUFK￿
DLPHG￿DW￿LPSURYLQJ￿WKH￿FURS￿￿5DP￿HW￿DO￿￿￿￿￿￿￿￿￿￿
8VHV￿RI￿VHVDPH￿
6HVDPH￿ LV￿ JURZQ￿ SULPDULO\￿ IRU￿ LWV￿ QXWULWLRXV￿ VHHG￿ WKDW￿ LV￿ ULFK￿ LQ￿ OLQROHLF￿ DFLG￿￿
SURWHLQ￿￿DQG￿FDOFLXP￿DV￿ZHOO￿DV￿YLWDPLQ￿(￿￿DQG￿VPDOO￿TXDQWLWLHV￿RI￿YLWDPLQV￿$￿￿%￿￿
DQG￿%￿￿￿1HDUO\￿￿￿￿￿RI￿WKH￿ZRUOG￿V￿VHVDPH￿VHHG￿LV￿SURFHVVHG￿LQWR￿RLO￿DQG￿PHDO￿
ZKLOH￿WKH￿UHPDLQGHU￿LV￿FKDQQHOOHG￿WR￿IRRG￿DQG￿FRQIHFWLRQHU\￿LQGXVWULHV￿￿0RUULV￿￿
￿￿￿￿￿￿￿7KH￿RLO￿LV￿PDLQO\￿XVHG￿LQ￿FRRNLQJ￿DQG￿VDODG￿￿DQG￿IRU￿PDNLQJ￿PDUJDULQH￿￿,W￿LV￿
DOVR￿XVHG￿LQ￿FRVPHWLFV￿SUHSDUDWLRQV￿￿SKDUPDFHXWLFDO￿SURGXFWV￿￿SDLQWV￿￿VRDSV￿DQG￿
LQVHFWLFLGHV￿￿$VKUL￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿7KH￿PHDO￿OHIW￿DIWHU￿RLO￿H[WUDFWLRQ￿FRQWDLQV￿￿￿￿￿￿￿￿
SURWHLQ￿DQG￿PDNHV￿D￿ULFK￿IHHG￿IRU￿SRXOWU\￿DQG￿OLYHVWRFN￿￿
6HVDPH￿VHHG￿LV￿XVHG￿RQ￿EUHDG￿￿EXQV￿￿FRRNLHV￿￿KHDOWK￿VQDFNV￿DQG￿DV￿DQ￿DGGLWLYH￿WR￿
EUHDNIDVW￿FHUHDO￿PL[HV￿￿7KH￿VHHGV￿PD\￿EH￿HDWHQ￿ZKROH￿HLWKHU￿UDZ￿RU￿URDVWHG￿DQG￿￿ ￿￿￿
VDOWHG￿￿RU￿PL[HG￿ZLWK￿OHPRQ￿DQG￿KRQH\￿￿&KDOEH￿￿￿EXW￿DUH￿RIWHQ￿JURXQG￿LQWR￿SDVWH￿
￿7DKLQL￿￿￿ZKLFK￿PD\￿DOVR￿EH￿VZHHWHQHG￿ZLWK￿VXJDU￿￿+DOYD￿￿￿6HVDPH￿VHHG￿LV￿XVHG￿DV￿
DQ￿LQJUHGLHQW￿LQ￿PDQ\￿UHFLSHV￿￿DGGHG￿ZKROH￿RU￿SRXQGHG￿￿,Q￿$IULFD￿￿WKH￿SDVWH￿LV￿XVHG￿
DV￿D￿VSUHDG￿DQG￿LQ￿SUHSDULQJ￿VRXSV￿DQG￿VDXFHV￿￿￿
2LO￿FRQWHQW￿DQG￿)DWW\￿DFLG￿FRPSRVLWLRQ￿LQ￿VHVDPH￿VHHGV￿
6HVDPH￿KDV￿D￿UHODWLYHO\￿VXSHULRU￿RLO￿TXDQWLW\￿DV￿ZHOO￿DV￿TXDOLW\￿LQ￿FRPSDULVRQ￿WR￿
PDQ\￿PDMRU￿RLO￿FURSV￿￿7KH￿RLO￿FRQWHQW￿UDQJHV￿IURP￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿EXW￿LV￿PRVWO\￿
DERXW￿￿￿￿￿RI￿VHHG￿ZHLJKW￿￿$VKUL￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿9DOXHV￿RI￿XS￿WR￿￿￿￿￿￿￿KDYH￿EHHQ￿
UHSRUWHG￿ LQ￿ VRPH￿ YDULHWLHV￿ ￿%D\GDU￿￿ 7XUJXW￿ ￿￿ 7XUJXW￿￿ ￿￿￿￿￿￿ 8]XQ￿￿ hOJHU￿ ￿￿
dD˜LUJDQ￿￿￿￿￿￿￿￿￿%RWK￿JHQHWLF￿DQG￿HQYLURQPHQWDO￿IDFWRUV￿LQIOXHQFH￿WKH￿RLO￿FRQWHQW￿
LQ￿VHVDPH￿￿/DWH￿PDWXULQJ￿FXOWLYDUV￿DUH￿UHSRUWHG￿WR￿KDYH￿KLJKHU￿RLO￿FRQWHQW￿WKDQ￿
HDUO\￿RQHV￿￿<HUPDQRV￿HW￿DO￿￿￿￿￿￿￿￿￿￿8]XQ￿￿hOJHU￿￿￿dD˜LUJDQ￿￿￿￿￿￿￿￿￿REVHUYHG￿WKDW￿
LQGHWHUPLQDWH￿FXOWLYDUV￿DFFXPXODWHG￿PRUH￿RLO￿WKDQ￿GHWHUPLQDWH￿RQHV￿￿9DULDWLRQ￿DOVR￿
RFFXUV￿EHWZHHQ￿FDSVXOHV￿DW￿GLIIHUHQW￿SRVLWLRQV￿RQ￿WKH￿VDPH￿SODQW￿￿VXFK￿WKDW￿VHHGV￿
IURP￿ WKH￿ EDVDO￿ FDSVXOHV￿ RQ￿ WKH￿ PDLQ￿ VWHP￿ FRQWDLQ￿ PRUH￿ RLO￿ WKDQ￿ WKRVH￿ ORFDWHG￿
WRZDUGV￿WKH￿DSH[￿DQG￿RQ￿VLGH￿EUDQFKHV￿￿0RVMLGLV￿￿￿<HUPDQRV￿￿￿￿￿￿￿￿0XWKXVZDP\￿
￿￿7KDQJDYHOX￿￿￿￿￿￿￿￿￿%ODFN￿VHHGHG￿FXOWLYDUV￿RIWHQ￿KDYH￿ORZHU￿RLO￿FRQWHQW￿WKDQ￿
EURZQ￿RU￿ZKLWH￿VHHGHG￿RQHV￿￿LQGLFDWLQJ￿D￿SRVVLEOH￿OLQNDJH￿EHWZHHQ￿RLO￿FRQWHQW￿DQG￿
VHHG￿FRDW￿FRORXU￿￿.DPDO￿(OGLQ￿￿￿$SSHOTYLVW￿￿￿￿￿￿D￿￿KDYH￿DWWULEXWHG￿WKH￿ORZ￿RLO￿
FRQWHQW￿LQ￿EODFN￿VHHGHG￿VHVDPH￿WR￿D￿KLJK￿DPRXQW￿RI￿FUXGH￿ILEUH￿LQ￿WKH￿VHHG￿FRDWV￿￿
%ODFN￿VHHG￿FRDWV￿DUH￿XVXDOO\￿WKLFNHU￿WKDQ￿OLJKWHU￿FRORXUHG￿RQHV￿￿
7KH￿ VHVDPH￿ JHQXV￿ KDV￿ OLPLWHG￿ YDULDELOLW\￿ LQ￿ WKH￿ VHHG￿ IDWW\￿ DFLG￿ SURSRUWLRQV￿
￿.DPDO￿(OGLQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KH￿VHHG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿YDULHV￿FRQVLGHUDEO\￿
DPRQJ￿WKH￿GLIIHUHQW￿FXOWLYDUV￿RI￿VHVDPH￿ZRUOGZLGH￿￿<HUPDQRV￿HW￿DO￿￿￿￿￿￿￿￿￿%UDU￿￿
￿￿￿￿￿￿%D\GDU￿￿7XUJXW￿￿￿7XUJXW￿￿￿￿￿￿￿￿￿7KH￿RLO￿FRQWDLQV￿IRXU￿PDMRU￿IDWW\￿DFLGV￿
QDPHO\￿￿SDOPLWLF￿￿VWHDULF￿￿ROHLF￿DQG￿OLQROHLF￿DFLGV￿￿DORQJ￿ZLWK￿VPDOO￿TXDQWLWLHV￿RI￿
YDFFHQLF￿￿OLQROHQLF￿￿DUDFKLGLF￿￿EHKHQLF￿DQG￿HLFRVHQRLF￿DFLGV￿￿:HLVV￿￿￿￿￿￿￿￿.DPDO￿
(OGLQ￿HW￿DO￿￿￿￿￿￿￿￿￿$VKUL￿￿￿￿￿￿￿￿:HUH￿￿/HH￿￿￿6W\PQH￿￿￿￿￿￿￿￿￿2OHLF￿DQG￿OLQROHLF￿
DFLGV￿RFFXU￿LQ￿QHDUO\￿HTXDO￿DPRXQWV￿￿FRQVWLWXWLQJ￿DERXW￿￿￿￿￿RI￿WKH￿WRWDO￿IDWW\￿DFLGV￿￿￿
&XOWLYDUV￿ZLWK￿H[FHSWLRQDOO\￿KLJK￿￿!￿￿￿￿￿￿ROHLF￿RU￿OLQROHLF￿DFLG￿DUH￿UDUH￿￿%D\GDU￿￿
7XUJXW￿￿￿7XUJXW￿￿￿￿￿￿￿￿￿8]XQ￿￿hOJHU￿￿￿dD˜LUJDQ￿￿￿￿￿￿￿￿￿IRXQG￿GLIIHUHQFHV￿LQ￿
VWHDULF￿￿ROHLF￿DQG￿OLQROHLF￿DFLGV￿EHWZHHQ￿GHWHUPLQDWH￿DQG￿LQGHWHUPLQDWH￿FXOWLYDUV￿￿
'HWHUPLQDWH￿ FXOWLYDUV￿ JHQHUDOO\￿ KDYH￿ KLJKHU￿ VWHDULF￿ DQG￿ ROHLF￿ DFLGV￿￿ DQG￿ ORZHU￿
OLQROHLF￿DFLG￿FRPSDUHG￿WR￿LQGHWHUPLQDWH￿RQHV￿￿&DSVXOH￿SRVLWLRQ￿RQ￿WKH￿SODQW￿DOVR￿
DIIHFWV￿WKH￿UHODWLYH￿TXDQWLWLHV￿RI￿WKH￿IDWW\￿DFLGV￿￿SDOPLWLF￿￿VWHDULF￿DQG￿ROHLF￿DFLGV￿
WHQG￿WR￿LQFUHDVH￿XS￿WKH￿VWHP￿ZKLOH￿OLQROHLF￿DFLG￿GHFUHDVHV￿￿%UDU￿￿￿￿￿￿￿￿￿7KH￿IDWW\￿
DFLG￿FRPSRVLWLRQ￿LV￿VWURQJO\￿LQIOXHQFHG￿E\￿HQYLURQPHQWDO￿IDFWRUV￿￿/LQROHLF￿DFLG￿
FRQWHQW￿KDV￿EHHQ￿UHSRUWHG￿WR￿LQFUHDVH￿XQGHU￿FRRO￿JURZLQJ￿FRQGLWLRQV￿￿8]XQ￿￿hOJHU￿
￿￿dD˜LUJDQ￿￿￿￿￿￿￿￿￿
￿
￿￿￿ ￿ ￿
'LHWDU\￿DQG￿KHDOWK￿EHQHILWV￿RI￿VHVDPH￿RLO￿
7KH￿IDWW\￿DFLG￿FRPSRVLWLRQ￿LV￿D￿PDMRU￿GHWHUPLQDQW￿RI￿HGLEOH￿RLO￿TXDOLW\￿￿2LOV￿KDYLQJ￿
KLJK￿ ROHLF￿ DFLG￿ FRQWHQW￿￿ LQ￿ FRPELQDWLRQ￿ ZLWK￿ ORZ￿ TXDQWLWLHV￿ RI￿ VDWXUDWHG￿ DQG￿
SRO\XQVDWXUDWHG￿IDWW\￿DFLGV￿￿38)$V￿￿DUH￿FRPPHUFLDOO\￿DQG￿QXWULWLRQDOO\￿GHVLUDEOH￿￿
6DWXUDWHG￿ IDWW\￿ DFLGV￿ DUH￿ DVVRFLDWHG￿ ZLWK￿ KLJK￿ ULVN￿ RI￿ KHDUW￿ GLVHDVH￿￿ :KHUHDV￿
38)$V￿DUH￿NQRZQ￿WR￿EH￿EHQHILFLDO￿IRU￿KXPDQ￿KHDOWK￿￿KLJK￿38)$￿TXDQWLW\￿LQ￿HGLEOH￿
RLO￿LV￿XQGHVLUDEOH￿DV￿WKH\￿DUH￿UHDGLO\￿R[LGL]HG￿\LHOGLQJ￿SURGXFWV￿WKDW￿DUH￿SRWHQWLDOO\￿
KDUPIXO￿WR￿KXPDQ￿KHDOWK￿￿DQG￿ZKLFK￿JLYH￿RII￿IODYRXUV￿DQG￿RGRXUV￿WR￿IRRGV￿￿6HVDPH￿
RLO￿ KDV￿ D￿ ORZ￿ OHYHO￿ RI￿ VDWXUDWHG￿ IDWW\￿ DFLGV￿ ￿￿￿ ￿￿￿￿￿ DQG￿ DSSUR[LPDWHO\￿ HTXDO￿
TXDQWLWLHV￿ RI￿ PRQR￿￿ DQG￿ SRO\XQVDWXUDWHG￿ IDWW\￿ DFLGV￿￿ 7KH￿ RLO￿ LV￿ QXWULWLRQDOO\￿
YDOXDEOH￿DV￿D￿VRXUFH￿RI￿OLQROHLF￿DFLG￿ZKLFK￿LV￿HVVHQWLDO￿WR￿PDQ￿￿￿
'HVSLWH￿KDYLQJ￿D￿KLJK￿FRQWHQW￿RI￿OLQROHLF￿DFLG￿￿VHVDPH￿RLO￿LV￿XQXVXDOO\￿VWDEOH￿WR￿
R[LGDWLRQ￿FRPSDUHG￿WR￿RWKHU￿YHJHWDEOH￿RLOV￿ZLWK￿D￿VLPLODU￿IDWW\￿DFLG￿FRPSRVLWLRQ￿￿
7KLV￿ IHDWXUH￿ LV￿ DWWULEXWHG￿ WR￿ DQWLR[LGDQW￿ DFWLYLWLHV￿ RI￿ VHVDPRO￿ DQG￿ VHVDPLQRO￿
WRJHWKHU￿ZLWK￿WRFRSKHUROV￿SUHVHQW￿LQ￿WKH￿RLO￿￿.DPDO￿(OGLQ￿￿￿$SSHOTYLVW￿￿￿￿￿￿E￿￿￿$￿
FRPELQDWLRQ￿ RI￿ WKH￿ KLJK￿ VWDELOLW\￿ DQG￿ D￿ QXWULWLRQDOO\￿ DFFHSWDEOH￿ IDWW\￿ DFLG￿
FRPSRVLWLRQ￿FRQWULEXWHV￿VLJQLILFDQWO\￿WR￿WKH￿H[FHOOHQW￿RLO￿TXDOLW\￿￿PDNLQJ￿LW￿D￿KLJK￿
YDOXH￿HGLEOH￿RLO￿￿
5HFHQW￿VWXGLHV￿KDYH￿VKRZQ￿WKDW￿VHVDPH￿RLO￿LV￿EHQHILFLDO￿LQ￿ORZHULQJ￿FKROHVWHURO￿
OHYHOV￿ DQG￿ K\SHUWHQVLRQ￿ ￿6DQNDU￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿ )UDQN￿￿ ￿￿￿￿￿￿￿ DQG￿ UHGXFLQJ￿ WKH￿
LQFLGHQFH￿RI￿FHUWDLQ￿FDQFHUV￿￿+LEDVDPL￿HW￿DO￿￿￿￿￿￿￿￿￿0L\DKDUD￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KHVH￿
KHDOWK￿HQKDQFLQJ￿HIIHFWV￿RI￿VHVDPH￿RLO￿DUH￿H[SODLQHG￿E\￿WKH￿ORZ￿OHYHO￿RI￿VDWXUDWHG￿
IDWW\￿DFLGV￿DV￿ZHOO￿DV￿WKH￿DFWLYLW\￿RI￿DQWLR[LGDQWV￿PDLQO\￿VHVDPLQ￿￿6HVDPLQ￿LV￿NQRZQ￿
WR￿HQKDQFH￿WKH￿DYDLODELOLW\￿DQG￿IXQFWLRQLQJ￿RI￿YLWDPLQ￿(￿￿WRFRSKHURO￿￿￿$Q￿HOHYDWHG￿
FRQFHQWUDWLRQ￿RI￿ ￿WRFRSKHURO￿LQ￿WKH￿EORRG￿LV￿DVVRFLDWHG￿ZLWK￿UHGXFHG￿ULVN￿RI￿KHDUW￿
GLVHDVH￿ DQG￿ VRPH￿ FDQFHUV￿ H￿J￿￿ RI￿ WKH￿ XSSHU￿ JXW￿￿ 7KXV￿￿ VHVDPH￿ RLO￿ FRXOG￿ EH￿
EHQHILFLDO￿ IRU￿ HQKDQFLQJ￿ KHDOWK￿ E\￿ LPSURYLQJ￿ WKH￿ YLWDPLQ￿ (￿ OHYHOV￿ LQ￿ WKH￿ ERG\￿
￿)UDQN￿￿￿￿￿￿￿￿￿
%LRV\QWKHVLV￿RI￿IDWW\￿DFLGV￿DQG￿WULDF\OJO\FHURO￿LQ￿RLO￿VHHGV￿
'H￿QRYR￿IDWW\￿DFLG￿V\QWKHVLV￿
7KH￿PHFKDQLVPV￿RI￿IDWW\￿DFLG￿ELRV\QWKHVLV￿DQG￿RLO￿IRUPDWLRQ￿LQ￿SODQW￿FHOOV￿KDYH￿
EHHQ￿H[WHQVLYHO\￿UHYLHZHG￿￿2KOURJJH￿￿￿%URZVH￿￿￿￿￿￿￿￿6ODEDV￿￿6LPRQ￿￿￿%URZQ￿￿
￿￿￿￿￿￿9RHONHU￿￿￿.LQQH\￿￿￿￿￿￿￿￿￿%ULHIO\￿￿WKHUH￿DUH￿WZR￿PDLQ￿VLWHV￿IRU￿JO\FHUROLSLG￿
V\QWKHVLV￿ LQ￿ SODQWV￿ QDPHO\￿￿ SODVWLGV￿ DQG￿ HQGRSODVPLF￿ UHWLFXOXP￿￿ 6DWXUDWHG￿ IDWW\￿
DFLGV￿ XS￿ WR￿ ￿￿￿FDUERQ￿ DQG￿ ROHLF￿ DFLG￿ DUH￿ V\QWKHVLVHG￿ LQ￿ SODVWLGV￿￿ VWDUWLQJ￿ ZLWK￿
DFHW\O￿FRHQ]\PH￿$￿￿&R$￿￿DV￿WKH￿SUHFXUVRU￿￿)LJ￿￿￿￿￿,Q￿WKH￿ILUVW￿VWHS￿RI￿SODQW￿IDWW\￿
DFLG￿V\QWKHVLV￿PDORQ\O￿&R$￿LV￿IRUPHG￿E\￿WKH￿FDUER[\ODWLRQ￿RI￿DFHW\O￿&R$￿￿LQ￿DQ￿
DGHQRVLQH￿WULSKRVSKDWH￿￿$73￿￿GHSHQGHQW￿UHDFWLRQ￿FDWDO\VHG￿E\￿WKH￿HQ]\PH￿DFHW\O￿
&R$￿ FDUER[\ODVH￿ ￿$&&DVH￿￿￿ 0DORQ\O￿&R$￿$&3￿ WUDQVDF\ODVH￿ WKHQ￿ FRQYHUWV￿ WKH￿
PDORQ\O￿&R$￿WR￿PDORQ\O￿DF\O￿FDUULHU￿SURWHLQ￿￿$&3￿￿￿ZKLFK￿LV￿XVHG￿LQ￿FRQGHQVDWLRQ￿
UHDFWLRQV￿LQYROYLQJ￿VHYHUDO￿HQ]\PHV￿RI￿WKH￿IDWW\￿DFLG￿V\QWKDVH￿￿)$6￿￿,,￿FRPSOH[￿￿
7KHVH￿HQ]\PHV￿VXEVHTXHQWO\￿DGG￿WZR￿FDUERQ￿XQLWV￿GHULYHG￿IURP￿PDORQ\O￿$&3￿WR￿￿ ￿￿￿
WKH￿ JURZLQJ￿ DF\O￿ FKDLQ￿￿ 0DORQ\O￿$&3￿ LV￿ ILUVW￿ FRQGHQVHG￿ WR￿ DFHW\O￿&R$￿ E\￿ ￿
NHWRDF\O￿$&3￿V\QWKDVH￿￿.$6￿￿,,,￿WR￿SURGXFH￿D￿IRXU￿FDUERQ￿DF\O￿$&3￿￿7KH￿QH[W￿
VHYHQ￿F\FOHV￿RI￿FRQGHQVDWLRQ￿FDWDO\VHG￿E\￿.$6￿,￿\LHOG￿SDOPLWR\O￿$&3￿￿D￿&￿￿￿DF\O￿
WKLRHVWHU￿￿ZKLFK￿LV￿WKHQ￿HORQJDWHG￿E\￿.$6￿,,￿WR￿VWHDUR\O￿$&3￿WKH￿ILQDO￿SURGXFW￿RI￿
WKH￿)$6￿FRPSOH[￿￿0RVW￿RI￿WKH￿VWHDUR\O￿$&3￿LV￿FRQYHUWHG￿WR￿ROHR\O￿$&3￿E\￿ ￿￿
VWHDUR\O￿$&3￿GHVDWXUDVH￿WKURXJK￿XQVDWXUDWLRQ￿DW￿WKH￿&￿￿￿￿&￿￿￿￿SRVLWLRQ￿￿'XH￿WR￿WKH￿
KLJK￿DFWLYLW\￿RI￿WKLV￿HQ]\PH￿QHDUO\￿DOO￿WKH￿VWHDULF￿DFLG￿V\QWKHVLVHG￿LQ￿SODQW￿FHOOV￿LV￿
FRQYHUWHG￿WR￿ROHLF￿DFLG￿￿
￿
￿
￿
)LJ￿￿￿%DVLF￿SDWKZD\￿IRU￿IDWW\￿DFLG￿ELRV\QWKHVLV￿LQ￿SODVWLGV￿
)ROORZLQJ￿V\QWKHVLV￿LQ￿WKH￿SODVWLG￿￿WKH￿IDWW\￿DF\O￿$&3￿HVWHUV￿￿PDLQO\￿SDOPLWR\O￿￿
VWHDUR\O￿DQG￿ROHR\O￿$&3V￿￿DUH￿HLWKHU￿XVHG￿GLUHFWO\￿IRU￿OLSLG￿V\QWKHVLV￿LQ￿WKH￿SODVWLG￿
RU￿ K\GURO\VHG￿ E\￿IDWW\￿DF\O￿$&3￿WKLRHVWHUDVHV￿￿)$7$￿DQG￿)$7%￿￿WR￿IUHH￿IDWW\￿
DFLGV￿DQG￿H[SRUWHG￿WR￿WKH￿F\WRVRO￿￿,Q￿WKH￿F\WRVRO￿￿WKH￿IDWW\￿DFLGV￿DUH￿HVWHULILHG￿WR￿
FRHQ]\PH￿ $￿ DQG￿ XVHG￿ DV￿ VXEVWUDWHV￿ IRU￿ OLSLG￿ IRUPDWLRQ￿ LQ￿ WKH￿ HQGRSODVPLF￿
UHWLFXOXP￿￿(5￿￿￿7KH￿UHODWLYH￿DFWLYLWLHV￿RI￿.$6￿,,￿DQG￿SDOPLWR\O￿$&3￿WKLRHVWHUDVH￿
GHWHUPLQH￿WKH￿SURSRUWLRQV￿RI￿SDOPLWLF￿DQG￿VWHDULF￿DFLGV￿￿3ODQWV￿ZLWK￿KLJK￿.$6￿,,￿
DFWLYLW\￿ SURGXFH￿ D￿ ODUJH￿ DPRXQW￿ RI￿ ￿￿￿FDUERQ￿ IDWW\￿ DFLGV￿￿ ,Q￿ VRPH￿VSHFLHV￿OLNH￿
FRFRQXW￿￿&XSKHD￿DQG￿RLO￿SDOP￿￿NHUQHO￿￿WKH￿PDLQ￿SURGXFWV￿RI￿)$6￿DFWLYLW\￿DUH￿VKRUW￿
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7UDQVDF\ODVH
.$6,￿￿ ￿ ￿
WR￿PHGLXP￿FKDLQ￿IDWW\￿DFLGV￿￿&￿￿&￿￿￿￿EHFDXVH￿RI￿SUHPDWXUH￿WHUPLQDWLRQ￿RI￿DF\O￿
FKDLQ￿HORQJDWLRQ￿E\￿WKH￿VSHFLILF￿)$7%￿HQ]\PHV￿￿
([WUDSODVWLGLDO￿HORQJDWLRQ￿RI￿&￿￿￿IDWW\￿DFLGV￿
6RPH￿ SODQWV￿ DFFXPXODWH￿ YHU\￿ ORQJ￿ FKDLQ￿ IDWW\￿ DFLGV￿ ￿9/&)$V￿￿ DQG￿ WKHLU￿
GHULYDWLYHV￿ OLNH￿ ZD[HV￿￿ 2QH￿ VXFK￿ IDWW\￿ DFLG￿ LV￿ HUXFLF￿ DFLG￿ ￿￿￿￿￿ ￿￿￿￿ WKDW￿ LV￿
DEXQGDQW￿LQ￿FUXFLIHURXV￿SODQWV￿￿9/&)$V￿DUH￿IRUPHG￿ZKHQ￿VWHDULF￿DQG￿ROHLF￿DFLGV￿
H[SRUWHG￿LQWR￿WKH￿F\WRSODVP￿DUH￿HORQJDWHG￿LQ￿WKH￿DF\O￿&R$￿SRRO￿￿)LJ￿￿￿￿E\￿DQ￿(5￿
DVVRFLDWHG￿IDWW\￿DFLG￿HORQJDVH￿￿)$(￿￿V\VWHP￿ZLWK￿VLPLODU￿DFWLYLW\￿DV￿WKH￿)$6￿￿)RXU￿
HQ]\PHV￿QDPHO\￿DQ￿HORQJDVH￿￿WZR￿UHGXFWDVHV￿DQG￿D￿GHK\GUDVH￿FRQVWLWXWH￿WKH￿)$(￿
V\VWHP￿￿7KH￿HORQJDVH￿￿￿￿NHWRDF\O￿&R$￿V\QWKDVH￿￿.&6￿￿LV￿WKH￿NH\￿FRPSRQHQW￿IRU￿
V\QWKHVLV￿RI￿9/&)$V￿DV￿GHPRQVWUDWHG￿E\￿FRPSOHPHQWDWLRQ￿VWXGLHV￿LQ￿ORZ￿HUXFLF￿
DFLG￿UDSH￿VHHG￿￿/($5￿￿/DVVQHU￿￿/DUGL]DEDO￿￿￿0HW]￿￿￿￿￿￿￿￿￿7KH￿.&6￿FDWDO\VHV￿WKH￿
FRQGHQVDWLRQ￿RI￿IDWW\￿DF\O￿FKDLQV￿ZLWK￿PDORQ\O￿&R$￿WKHUHE\￿LQFUHDVLQJ￿WKH￿FKDLQ￿
OHQJWK￿E\￿WZR￿FDUERQ￿XQLWV￿ZLWK￿HYHU\￿UHDFWLRQ￿F\FOH￿￿￿
2OHLF￿DFLG￿GHVDWXUDWLRQ￿DQG￿VLPLODU￿PRGLILFDWLRQV￿RXWVLGH￿WKH￿SODVWLG￿
7KH￿SURSRUWLRQ￿RI￿ROHDWH￿$&3￿XVHG￿IRU￿SODVWLGLDO￿OLSLG￿V\QWKHVLV￿RU￿K\GURO\VLV￿E\￿D￿
WKLRHVWHUDVH￿ WR￿ IUHH￿ ROHLF￿ DFLG￿ GHWHUPLQHV￿ WKH￿ IDWH￿ RI￿ WKH￿ DFLG￿ IRU￿ PRGLILFDWLRQ￿
ZLWKLQ￿ RU￿ RXWVLGH￿ WKH￿ SODVWLG￿￿ 7KH￿ ROHDWH￿ H[SRUWHG￿ IURP￿ WKH￿ SODVWLG￿ LV￿ HLWKHU￿
PRGLILHG￿IXUWKHU￿WR￿SURGXFH￿RWKHU￿IDWW\￿DFLGV￿RU￿JHWV￿LQFRUSRUDWHG￿LQWR￿JO\FHUROLSLGV￿
￿)LJ￿￿￿￿￿,Q￿WKH￿(5￿￿ROHLF￿DFLG￿PD\￿EH￿PRGLILHG￿WKURXJK￿GHVDWXUDWLRQ￿￿K\GUR[\ODWLRQ￿￿
HSR[\JHQDWLRQ￿ RU￿ DFHW\OHQDWLRQ￿ ZKLOH￿ HVWHULILHG￿ WR￿ SKRVSKROLSLGV￿￿ SUHIHUDEO\￿
SKRVSKDWLG\OFKROLQH￿ ￿3&￿￿￿ 0RVW￿ FRPPRQO\￿￿ ROHDWH￿ ￿LQ￿ IRUP￿ RI￿ ROHDWH￿3&￿￿ LV￿
VHTXHQWLDOO\￿FRQYHUWHG￿WR￿OLQROHDWH￿DQG￿ ￿OLQROHQDWH￿E\￿PHPEUDQH￿ERXQG￿ ￿￿￿DQG￿
￿￿￿GHVDWXUDVHV￿HQFRGHG￿E\￿WKH￿IDWW\￿DFLG￿GHVDWXUDVH￿￿)$'￿￿JHQHV￿￿)$'￿￿￿2NXOH\￿
HW￿DO￿￿￿￿￿￿￿￿￿DQG￿)$'￿￿￿<DGDY￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KH￿GHVDWXUDWLRQ￿RFFXUV￿RQ￿IDWW\￿DF\O￿
FKDLQV￿DW￿WKH￿VQ￿￿￿SRVLWLRQ￿RI￿3&￿￿6W\PQH￿￿￿$SSHOTYLVW￿￿￿￿￿￿￿￿￿
7KH￿ GHVDWXUDVH￿LQWURGXFHG￿ GRXEOH￿ ERQGV￿ LQ￿ OLQROHLF￿ DQG￿ OLQROHQLF￿ DFLGV￿ DUH￿
VHSDUDWHG￿IURP￿HDFK￿RWKHU￿E\￿D￿PHWK\OHQH￿JURXS￿￿)DWW\￿DFLGV￿ZLWK￿RWKHU￿IXQFWLRQDO￿
JURXSV￿RU￿QRQ￿PHWK\OHQH￿LQWHUUXSWHG￿GRXEOH￿ERQGV￿UHVXOW￿IURP￿WKH￿PRGLILFDWLRQ￿RI￿
ROHLF￿DQG￿OLQROHLF￿DFLGV￿E\￿GHVDWXUDVH￿OLNH￿HQ]\PHV￿HQFRGHG￿E\￿JHQHV￿EHOLHYHG￿WR￿
KDYH￿HYROYHG￿IURP￿WKH￿)$'￿￿￿7KHVH￿HQ]\PHV￿KDYH￿KLJK￿VHTXHQFH￿KRPRORJ\￿WR￿WKH￿
)$'￿￿￿ZLWK￿WKH￿FDWDO\WLF￿IXQFWLRQ￿OLNHO\￿WR￿EH￿GHILQHG￿E\￿GLIIHUHQFH￿LQ￿RQO\￿D￿IHZ￿
DPLQR￿DFLGV￿￿%URXQ￿HW￿DO￿￿￿￿￿￿￿D￿￿￿
7KH￿UHFHQWO\￿FKDUDFWHUL]HG￿IDWW\￿DFLG￿K\GUR[\ODVHV￿IURP￿5LFLQXV￿FRPPXQLV￿￿/RR￿
HW￿DO￿￿￿￿￿￿￿￿￿DQG￿/HTXHUHOOD￿IHQGOHUL￿￿%URXQ￿￿%RGGXOSDOOL￿￿￿6RPPHUYLOOH￿￿￿￿￿￿E￿￿
FDWDO\]H￿WKH￿LQWURGXFWLRQ￿RI￿D￿K\GUR[\O￿JURXS￿LQVWHDG￿RI￿D￿GRXEOH￿ERQG￿DW￿WKH￿ ￿￿￿
SRVLWLRQ￿RI￿ROHLF￿DFLG￿SURGXFLQJ￿ULFLQROHLF￿DFLG￿￿￿￿￿2+￿￿￿￿￿
￿￿￿￿%HVLGHV￿ULFLQROHLF￿
DFLG￿RWKHU￿K\GUR[\ODWHG￿IDWW\￿DFLGV￿OLNH￿GHQVLSROLF￿DQG￿OHVTXHUROLF￿DFLGV￿DUH￿DOVR￿
DFFXPXODWHG￿LQ￿WKHVH￿SODQWV￿￿ ￿￿￿DFHW\OHQDVHV￿DQG￿￿HSR[\JHQDVHV￿QRZ￿NQRZQ￿WR￿
FDWDO\VH￿WKH￿IRUPDWLRQ￿RI￿IDWW\￿DFLGV￿ZLWK￿WULSOH￿ERQGV￿DQG￿HSR[\￿JURXSV￿KDYH￿DOVR￿
EHHQ￿GLVFRYHUHG￿￿/HH￿HW￿DO￿￿￿￿￿￿￿￿￿￿$QRWKHU￿W\SH￿RI￿GLYHUJHQW￿)$'￿￿HQ]\PHV￿￿WKH￿
FRQMXJDVHV￿￿LQWURGXFH￿FRQMXJDWHG￿GRXEOH￿ERQGV￿LQVWHDG￿RI￿WKH￿FRPPRQO\￿IRUPHG￿
PHWK\OHQH￿LQWHUUXSWHG￿FLV￿GRXEOH￿ERQGV￿￿&DKRRQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KHVH￿KDYH￿EHHQ￿￿ ￿￿￿
LVRODWHG￿ IURP￿ D￿ IHZ￿ SODQW￿ VSHFLHV￿￿ H￿J￿￿ ,PSDWLHQV￿ EDOVDPLFD￿￿ DQG￿ &DOHQGXOD￿
RIILFLQDOLV￿￿ ￿SDULQDULF￿DFLG￿￿￿￿￿￿
￿￿FLV￿￿￿￿￿WUDQV￿￿￿￿￿WUDQV￿￿￿￿￿FLV￿￿DQG￿FDOHQGLF￿DFLG￿￿￿￿￿￿￿
￿￿￿
WUDQV￿￿ ￿￿￿WUDQV￿￿ ￿￿￿FLV￿￿ DUH￿ H[DPSOHV￿ RI￿ FRQMXJDWHG￿ IDWW\￿ DFLGV￿￿ 8QOLNH￿ WKH￿ ￿￿￿
K\GUR[\ODVHV￿￿ WKH￿ )$'￿￿OLNH￿ DFHW\OHQDVHV￿￿ HSR[\JHQDVHV￿ DQG￿ FRQMXJDVHV￿ XWLOLVH￿
OLQROHLF￿DFLG￿DV￿D￿VXEVWUDWH￿IRU￿DF\O￿FKDLQ￿PRGLILFDWLRQ￿￿
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￿
￿
￿
￿
￿
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)LJ￿￿￿￿3DWKZD\V￿IRU￿PRGLILFDWLRQ￿RI￿IDWW\￿DF\O￿UHVLGXHV￿LQ￿WKH￿HQGRSODVPLF￿UHWLFXOXP￿￿3DOH￿
JUH\￿ER[￿WR￿WKH￿OHIW￿VKRZV￿WKH￿HORQJDWLRQ￿VWHSV￿￿GDUNHU￿JUH\￿ER[￿WR￿WKH￿ULJKW￿VKRZV￿
GHVDWXUDVH￿DQG￿GHVDWXUDVH￿OLNH￿UHDFWLRQV￿￿
$￿IHDWXUH￿FRPPRQ￿WR￿DOO￿WKH￿GLYHUJHQW￿)$'￿￿HQ]\PHV￿FKDUDFWHUL]HG￿DW￿SUHVHQW￿LV￿
WKDW￿WKHLU￿H[SUHVVLRQ￿LQ￿WUDQVJHQLF￿SODQWV￿OHDGV￿WR￿DFFXPXODWLRQ￿RI￿ROHLF￿DFLG￿￿ZKLFK￿
KDV￿EHHQ￿DWWULEXWHG￿WR￿FRPSHWLWLRQ￿ZLWK￿WKH￿HQGRJHQRXV￿)$'￿￿￿%URXQ￿￿%RGGXOSDOOL￿
￿￿ 6RPPHUYLOOH￿￿ ￿￿￿￿E￿￿ &DKRRQ￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿ 7KRP†XV￿￿ &DUOVVRQ￿ ￿￿ 6W\PQH￿￿
￿￿￿￿￿￿￿:KHUHDV￿PDQ\￿RI￿WKH￿GLYHUJHQW￿)$'￿￿HQ]\PHV￿PRGLI\￿WKH￿ ￿￿￿SRVLWLRQ￿RI￿
&￿￿￿IDWW\￿ DFLG￿ VXEVWUDWHV￿￿ VRPH￿ KDYH￿ DOVR￿ EHHQ￿ LGHQWLILHG￿ WKDW￿ FDQ￿ PRGLI\￿ DQ￿
H[LVWLQJ￿ ￿￿GRXEOH￿ERQG￿￿&DKRRQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KH￿DGGLWLRQ￿RI￿QHZ￿IXQFWLRQDO￿
JURXSV￿WR￿DF\O￿FKDLQV￿JLYHV￿ULVH￿WR￿D￿YDVW￿UDQJH￿RI￿IDWW\￿DFLG￿VSHFLHV￿ZLWK￿YDULHG￿
SURSHUWLHV￿ DQG￿ IXQFWLRQV￿ WKDW￿ FRXOG￿ EH￿ XVHG￿ LQ￿ LQGXVWULDO￿ SURGXFWV￿ OLNH￿ SDLQWV￿￿
OXEULFDQWV￿￿Q\ORQ￿DQG￿FRVPHWLFV￿￿
7ULDF\OJO\FHURO￿DVVHPEO\￿￿
7ULDF\OJO\FHURO￿￿7$*￿￿ELRV\QWKHVLV￿LQ￿WKH￿HQGRSODVPLF￿UHWLFXOXP￿SURFHHGV￿WKURXJK￿
WKUHH￿ FRQVHFXWLYH￿ VWHSV￿ RI￿ JO\FHURO￿￿￿SKRVSKDWH￿ ￿*￿3￿￿ DF\ODWLRQ￿ ￿2KOURJJH￿ ￿￿
%URZVH￿￿￿￿￿￿￿￿￿)LJ￿￿￿￿￿7KH￿*￿3￿LV￿SURYLGHG￿E\￿WKH￿*￿3￿GHK\GURJHQDVH￿UHGXFWLRQ￿
RI￿ GLK\GUR[\DFHWRQH￿ SKRVSKDWH￿￿ ,Q￿ WKH￿ ILUVW￿ VWHS￿￿ DQ￿ DF\O￿ PRLHW\￿￿ SUHIHUDEO\￿
VDWXUDWHG￿￿IURP￿DF\O￿&R$￿LV￿LQWURGXFHG￿DW￿WKH￿VQ￿￿￿SRVLWLRQ￿RI￿JO\FHURO￿￿￿SKRVSKDWH￿
LQ￿ D￿ UHDFWLRQ￿ FDWDO\VHG￿ E\￿ D￿ JO\FHURO￿￿￿SKRVSKDWH￿ DF\OWUDQVIHUDVH￿ ￿*3$7￿￿￿
JHQHUDWLQJ￿ O\VRSKRVSKDWLGLF￿ DFLG￿ ￿/3$￿￿￿ ,Q￿ PRVW￿ RLO￿ VHHGV￿ WKH￿ VQ￿￿￿SRVLWLRQ￿RI￿
O\VRSKRVSKDWLGLF￿ DFLG￿ LV￿ ILOOHG￿ E\￿ DQ￿ XQVDWXUDWHG￿ IDWW\￿ DFLG￿ SURGXFLQJ￿ D￿
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￿￿￿￿￿3&￿
￿￿￿￿￿3&￿
)$’￿￿
)$’￿￿
￿￿￿￿￿&R$￿
￿￿￿￿￿&R$￿
/\VR￿3&￿
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&RQM￿￿3&￿
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&37￿
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GLDF\OJO\FHURO￿￿'$*￿￿SKRVSKDWH￿￿DOVR￿FDOOHG￿SKRVSKDWLGLF￿DFLG￿￿3$￿￿￿7KH￿HQ]\PH￿
UHVSRQVLEOH￿IRU￿WKH￿VHFRQG￿DF\O￿WUDQVIHU￿LV￿O\VRSKRVSKDWLGLF￿DFLG￿DF\OWUDQVIHUDVH￿
￿/3$$7￿￿￿3KRVSKDWLGLF￿DFLG￿SKRVSKDWDVH￿￿3$3￿￿WKHQ￿UHPRYHV￿WKH￿SKRVSKDWH￿JURXS￿
IURP￿ SKRVSKDWLGLF￿ DFLG￿￿ UHOHDVLQJ￿ '$*￿￿ 7KH￿ '$*￿ HLWKHU￿ XQGHUJRHV￿ D￿ ILQDO￿
DF\ODWLRQ￿E\￿'$*￿DF\OWUDQVIHUDVH￿￿'$*$7￿￿WR￿IRUP￿7$*￿RU￿LW￿FDQ￿EH￿XVHG￿LQ￿
UHYHUVLEOH￿3&￿'$*￿LQWHUFRQYHUVLRQ￿WR￿HQWHU￿PHPEUDQH￿OLSLG￿V\QWKHVLV￿￿7KH￿3&￿
'$*￿LQWHUFRQYHUVLRQ￿E\￿D￿FKROLQH￿SKRVSKRWUDQVIHUDVH￿￿&37￿￿SURYLGHV￿D￿PHDQV￿E\￿
ZKLFK￿WKH￿IDWW\￿DFLGV￿PRGLILHG￿RQ￿3&￿HQWHU￿LQWR￿7$*￿IRUPDWLRQ￿￿$Q￿DGGLWLRQDO￿
HQ]\PH￿ LQYROYHG￿ LQ￿ 7$*￿ V\QWKHVLV￿￿ SKRVSKROLSLG￿ GLDF\OJO\FHURO￿ WUDQVIHUDVH￿
￿3'$7￿￿ZDV￿UHFHQWO\￿FKDUDFWHUL]HG￿￿'DKOTYLVW￿HW￿DO￿￿￿￿￿￿￿￿￿￿3'$7￿IRUPV￿7$*￿
￿DQG￿O\VR￿3&￿￿E\￿WUDQVIHUULQJ￿D￿IDWW\￿DFLG￿UHVLGXH￿IURP￿WKH￿VQ￿￿￿SRVLWLRQ￿RI￿3&￿WR￿D￿
'$*￿￿ 7KH￿ 7$*￿ IRUPHG￿ WKURXJK￿ WKHVH￿ UHDFWLRQV￿ LV￿ GHSRVLWHG￿ LQ￿ RLO￿ ERGLHV￿ IRU￿
VWRUDJH￿DV￿DQ￿HQHUJ\￿UHVHUYH￿￿￿
0RGLILFDWLRQ￿RI￿IDWW\￿DFLG￿FRPSRVLWLRQ￿LQ￿SODQW￿
VWRUDJH￿RLOV￿￿SUREOHPV￿￿SURJUHVV￿DQG￿SURVSHFWV￿
,Q￿ILHOG￿FURSV￿VXFK￿DV￿RLOVHHG￿UDSH￿￿SHDQXWV￿￿VXQIORZHU￿DQG￿VHVDPH￿￿RLO￿FRQVWLWXWHV￿
DERXW￿￿￿￿￿RI￿WKH￿VHHG￿ZHLJKW￿￿0RVW￿RI￿WKH￿RLO￿LV￿XVHG￿IRU￿KXPDQ￿FRQVXPSWLRQ￿￿
PDLQO\￿ LQ￿ VKRUWHQLQJV￿￿ PDUJDULQH￿￿ VDODG￿ RLOV￿ DQG￿ IU\LQJ￿ RLOV￿￿ 2QO\￿ D￿ VPDOO￿
SURSRUWLRQ￿RI￿DERXW￿￿￿￿￿ILQGV￿XVH￿LQ￿PDQXIDFWXULQJ￿LQGXVWULHV￿DV￿OXEULFDQWV￿DQG￿LQ￿
WKH￿SURGXFWLRQ￿RI￿GHWHUJHQWV￿￿FRDWLQJV￿￿DQG￿SDLQWV￿￿￿
9HJHWDEOH￿RLOV￿PD\￿VRPHWLPHV￿ODFN￿WKH￿SURSHUWLHV￿EHVW￿VXLWHG￿IRU￿WKHLU￿LQWHQGHG￿
XVH￿￿)RU￿LQVWDQFH￿￿WKH\￿FRXOG￿KDYH￿XQGHVLUDEOH￿QXWULWLRQDO￿DWWULEXWHV￿VXFK￿DV￿KLJK￿
SURSRUWLRQ￿ RI￿ VDWXUDWHG￿ IDWW\￿ DFLGV￿ LQ￿ FRPSDULVRQ￿ WR￿ WKH￿ PRUH￿ DFFHSWDEOH￿
XQVDWXUDWHG￿IRUPV￿￿RU￿KDYH￿PHOWLQJ￿EHKDYLRXU￿WKDW￿FRQWULEXWHV￿WR￿SRRU￿TXDOLW\￿RI￿
VSUHDGV￿￿ 6XFK￿ GHILFLHQW￿ RLOV￿ ZRXOG￿ QHHG￿ WR￿ EH￿ PRGLILHG￿ WR￿ DWWDLQ￿ WKH￿ GHVLUHG￿
SURSHUWLHV￿￿ 0RGLILFDWLRQ￿ RI￿ OLSLG￿ SURSHUWLHV￿ LV￿ FRQYHQWLRQDOO\￿ GRQH￿ E\￿ FKHPLFDO￿
SURFHVVHV￿ QDPHO\￿￿ SDUWLDO￿ K\GURJHQDWLRQ￿￿ IUDFWLRQDWLRQ￿ RU￿ LQWHUHVWHULILFDWLRQ￿
￿%KDWWDFKDU\\D￿￿ %KDWWDFKDU\\D￿ ￿￿ 'H￿￿ ￿￿￿￿￿￿ 7LPPV￿￿ ￿￿￿￿￿￿￿ 7KHVH￿ SURFHVVLQJ￿
PHWKRGV￿￿KRZHYHU￿￿DUH￿H[SHQVLYH￿DQG￿VRPHWLPHV￿\LHOG￿XQGHVLUDEOH￿SURGXFWV￿LQ￿WKH￿
HGLEOH￿RLOV￿￿)RU￿H[DPSOH￿￿GXULQJ￿WKH￿K\GURJHQDWLRQ￿RI￿KLJKO\￿XQVDWXUDWHG￿RLOV￿IRU￿
PDNLQJ￿PDUJDULQH￿DQG￿VKRUWHQLQJV￿WUDQV￿IDWW\￿DFLGV￿￿NQRZQ￿WR￿FRQIHU￿KHDOWK￿ULVNV￿LQ￿
PDQ￿￿DUH￿IRUPHG￿￿0R]DIIDULDQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿￿
'HYHORSPHQW￿ RI￿ FURS￿ YDULHWLHV￿ SURGXFLQJ￿ RLOV￿ ZLWK￿ TXDOLW\￿ DSSURSULDWH￿ IRU￿
VSHFLILF￿ PDUNHW￿ QHHGV￿ SUHVHQWV￿ D￿ EHWWHU￿ DOWHUQDWLYH￿ WR￿ FKHPLFDO￿ PRGLILFDWLRQ￿ RI￿
YHJHWDEOH￿RLOV￿DQG￿D￿PHDQV￿WR￿FLUFXPYHQW￿WKH￿VKRUW￿FRPLQJV￿DVVRFLDWHG￿ZLWK￿WKH￿
WHFKQRORJ\￿￿ 2QH￿ ZD\￿ WR￿ DFKLHYH￿ WKLV￿ LV￿ E\￿ GRPHVWLFDWLQJ￿ ZLOG￿ SODQWV￿ WKDW￿
DFFXPXODWH￿RLO￿ZLWK￿FKDUDFWHULVWLFV￿RI￿LQWHUHVW￿￿+RZHYHU￿￿WKH￿ORQJ￿WLPH￿VFDOH￿￿RI￿
RYHU￿￿￿￿\HDUV￿￿QHHGHG￿WR￿DGDSW￿WKHP￿WR￿FXOWLYDWLRQ￿DQG￿WKH￿UHTXLUHPHQW￿IRU￿UH￿
PRGHOOLQJ￿ RI￿ DJULFXOWXUDO￿ PDFKLQHU\￿ DQG￿ SURFHVVLQJ￿ HTXLSPHQW￿ SUHVHQW￿ D￿ PDMRU￿
OLPLWDWLRQ￿WR￿GHYHORSPHQW￿RI￿QRYHO￿RLO￿FURSV￿￿(IIRUWV￿WR￿GRPHVWLFDWH￿DQG￿GHYHORS￿
FHUWDLQ￿VSHFLHV￿IRU￿QRQ￿HGLEOH￿RLO￿SURGXFWLRQ￿KDYH￿QRW￿EHHQ￿UHZDUGLQJ￿DV￿LQ￿WKH￿FDVH￿￿ ￿￿￿
RI￿ HYHQLQJ￿ SULPURVH￿ WKDW￿ ZRXOG￿ EH￿ D￿ JRRG￿ VRXUFH￿ RI￿ ￿OLQROHLF￿ DFLG￿ IRU￿ WKH￿
SKDUPDFHXWLFDO￿LQGXVWU\￿￿/DSLQVNDV￿￿￿￿￿￿￿￿￿￿
,Q￿D￿YDULHW\￿RI￿FXOWLYDWHG￿RLO￿FURSV￿￿WKH￿IDWW\￿DFLG￿FRPSRVLWLRQ￿KDV￿EHHQ￿PRGLILHG￿
E\￿PHDQV￿RI￿FRQYHQWLRQDO￿EUHHGLQJ￿PHWKRGV￿WR￿PHHW￿YDULRXV￿FRQVXPHU￿GHPDQGV￿￿
8VLQJ￿VH[XDO￿K\EULGL]DWLRQ￿DV￿ZHOO￿DV￿LQGXFHG￿PXWDJHQHVLV￿￿QHZ￿YDULHWLHV￿RI￿RLO￿
FURSV￿ KDYH￿ EHHQ￿ JHQHUDWHG￿ ZKLFK￿ KDYH￿ GLYHUVH￿ FRPSRVLWLRQ￿ RI￿ IDWW\￿ DFLGV￿￿
([DPSOHV￿LQFOXGH￿WKH￿EUHHGLQJ￿DQG￿HVWDEOLVKPHQW￿RI￿/($5￿IRU￿HGLEOH￿RLO￿￿DQG￿WKH￿
GHYHORSPHQW￿RI￿KLJK￿ROHLF￿YDULHWLHV￿RI￿VR\EHDQ￿￿VXQIORZHU￿￿EUDVVLFD￿RLOVHHGV￿DQG￿
SHDQXW￿￿%XUWRQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KRXJK￿VXFFHVVIXO￿￿FRQYHQWLRQDO￿EUHHGLQJ￿UHOLHV￿RQ￿
WKH￿QDWXUDOO\￿RFFXUULQJ￿YDULDWLRQ￿ZLWKLQ￿D￿VSHFLHV￿RU￿JHQXV￿DQG￿LV￿WKHUHIRUH￿OLPLWHG￿
WR￿ FURVV￿ FRPSDWLEOH￿ WD[D￿￿ 6RPH￿ RI￿ WKH￿ YDULDWLRQ￿ EUHHGHUV￿ KDYH￿ XVHG￿ LV￿ GXH￿ WR￿
VSRQWDQHRXV￿UDQGRP￿PXWDWLRQV￿DIIHFWLQJ￿IDWW\￿DFLG￿V\QWKHVLV￿H￿J￿￿LQ￿/($5￿DOWKRXJK￿
WKH\￿DUH￿YHU\￿UDUH￿￿,QGXFHG￿PXWDJHQHVLV￿KDV￿EHHQ￿XVHG￿WR￿FUHDWH￿DGGLWLRQDO￿GLYHUVLW\￿
LQ￿VHHG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿￿DV￿ZDV￿GRQH￿ZKHQ￿GHYHORSLQJ￿KLJK￿OLQROHLF￿DFLG￿
OLQVHHG￿ ￿/LQROD￿￿ IURP￿ D￿ KLJK￿ OLQROHQLF￿ DFLG￿ YDULHW\￿ ￿*UHHQ￿￿ ￿￿￿￿￿￿￿ +RZHYHU￿￿
LQGXFHG￿ PXWDJHQHVLV￿ LV￿ GLVDGYDQWDJHRXV￿ DV￿ LW￿ ODFNV￿ SUHFLVLRQ￿￿ JHQHUDWLQJ￿ PDQ\￿
SODQWV￿ ZLWK￿ GHIHFWV￿ DQG￿ IRU￿ WKLV￿ UHDVRQ￿ HQWDLOV￿ H[WHQVLYH￿ VFUHHQLQJ￿ RI￿ OLQHV￿ WR￿
HOLPLQDWH￿ WKH￿ EXON￿ RI￿ DEQRUPDO￿ RQHV￿￿ 8QGHVLUDEOH￿ WUDLWV￿ VXFK￿ DV￿ ODWH￿IORZHULQJ￿￿
UHGXFHG￿YLJRXU￿DQG￿ORZ￿VHHG￿\LHOG￿DUH￿REWDLQHG￿DORQJVLGH￿WKH￿SKHQRW\SH￿RI￿LQWHUHVW￿
LQ￿PXWDQW￿OLQHV￿￿7KLV￿PHWKRG￿LV￿WKHUHIRUH￿XQUHOLDEOH￿IRU￿FUHDWLQJ￿YDULDQWV￿LQ￿ZKLFK￿
RQO\￿RQH￿ORFXV￿LQIOXHQFLQJ￿V\QWKHVLV￿RI￿D￿VSHFLILF￿IDWW\￿DFLG￿LV￿GLVUXSWHG￿￿￿
&XUUHQW￿UHVHDUFK￿HIIRUW￿LV￿GLUHFWHG￿WRZDUGV￿FUHDWLQJ￿SODQW￿RLOV￿KDYLQJ￿GLYHUVH￿IDWW\￿
DFLG￿FRPSRVLWLRQ￿E\￿JHQHWLF￿HQJLQHHULQJ￿RI￿WKH￿HVWDEOLVKHG￿RLO￿FURSV￿￿7KLV￿DSSURDFK￿
LV￿VXSHULRU￿WR￿WKRVH￿SUHYLRXVO\￿XVHG￿RZLQJ￿WR￿LWV￿SUHFLVLRQ￿DQG￿DSSOLFDELOLW\￿DFURVV￿
WD[D￿￿%\￿XVLQJ￿PROHFXODU￿WHFKQLTXHV￿￿LW￿LV￿SRVVLEOH￿WR￿PRGLI\￿VSHFLILFDOO\￿WKH￿VHHG￿
RLO￿TXDOLW\￿ZKLOH￿NHHSLQJ￿WKH￿UHVW￿RI￿WKH￿JHQHWLF￿EDFNJURXQG￿RI￿WKH￿SODQW￿FRQVWDQW￿￿
8VLQJ￿WHFKQLTXHV￿VXFK￿DV￿DQWLVHQVH￿UHSUHVVLRQ￿￿FR￿VXSSUHVVLRQ￿DQG￿LQYHUWHG￿UHSHDW￿
VLOHQFLQJ￿￿WUDQVJHQLF￿RLO￿FURSV￿KDYLQJ￿QRYHO￿IDWW\￿DFLG￿SURILOHV￿KDYH￿EHHQ￿JHQHUDWHG￿
￿&DUWHD￿HW￿DO￿￿￿￿￿￿￿￿￿6WRXWMHVGLMN￿HW￿DO￿￿￿￿￿￿￿￿￿￿([DPSOHV￿LQFOXGH￿KLJK￿VWHDUDWH￿UDSH￿
￿.QXW]RQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿KLJK￿ODXUDWH￿UDSH￿￿9RHONHU￿HW￿DO￿￿￿￿￿￿￿￿￿￿DQG￿KLJK￿ROHDWH￿
FRWWRQ￿￿/LX￿￿6LQJK￿￿￿*UHHQ￿￿￿￿￿￿￿￿DPRQJ￿RWKHUV￿￿
7KH￿PDMRU￿HGLEOH￿RLOV￿￿OLVWHG￿LQ￿7DEOH￿￿￿￿FRQWDLQ￿SUHGRPLQDQWO\￿XQVDWXUDWHG￿￿￿￿
FDUERQ￿IDWW\￿DFLGV￿DQG￿SDOPLWLF￿DFLG￿￿.H\￿WDUJHWV￿IRU￿JHQHWLF￿PRGLILFDWLRQ￿RI￿WKHVH￿
RLOV￿ERWK￿IRU￿HGLEOH￿DQG￿LQGXVWULDO￿XVHV￿KDYH￿EHHQ￿LGHQWLILHG￿￿0XUSK\￿￿￿￿￿￿￿￿￿2QH￿
JRDO￿ IRU￿ PRGLILFDWLRQ￿ RI￿ WKHVH￿ RLOV￿ IRU￿ HGLEOH￿ XVH￿ LV￿ WR￿ LQFUHDVH￿ WKH￿ DPRXQW￿ RI￿
SDOPLWLF￿DQG￿VWHDULF￿DFLGV￿LQ￿RUGHU￿WR￿PLQLPLVH￿WKH￿QHHG￿RI￿K\GURJHQDWLRQ￿LQ￿WKH￿
SURGXFWLRQ￿RI￿GLHWDU\￿IDWV￿￿$QRWKHU￿LPSRUWDQW￿WDUJHW￿LV￿WR￿LQFUHDVH￿VWDELOLW\￿RI￿RLO￿￿
DFKLHYHG￿E\￿UHGXFLQJ￿WKH￿OHYHOV￿RI￿XQVDWXUDWHG￿IDWW\￿DFLGV￿HVSHFLDOO\￿OLQROHQLF￿DFLG￿￿
+RZHYHU￿￿OLQROHLF￿DQG￿OLQROHQLF￿DFLGV￿DUH￿HVVHQWLDO￿WR￿PDQ￿DQG￿QHHG￿WR￿EH￿NHSW￿DW￿
DFFHSWDEO\￿KLJK￿OHYHOV￿LQ￿GLHWDU\￿IDWV￿￿
,Q￿WKH￿FDVH￿RI￿SODQW￿LQGXVWULDO￿RLO￿￿WKHUH￿LV￿D￿ZLGH￿UDQJH￿RI￿IDWW\￿DFLGV￿RI￿LQWHUHVW￿
LQFOXGLQJ￿PDQ\￿IURP￿ZLOG￿VSHFLHV￿WKDW￿UHPDLQ￿D￿WDUJHW￿IRU￿FRPPHUFLDO￿SURGXFWLRQ￿
LQ￿ WUDQVJHQLF￿ FURSV￿￿ ([DPSOHV￿ RI￿ VXFK￿ IDWW\￿ DFLGV￿ LQFOXGH￿ ODXULF￿￿ SHWURVHOLQLF￿￿
ULFLQROHLF￿￿YHUQROLF￿DQG￿ ￿OLQROHQLF￿DFLGV￿￿7KHUH￿KDV￿EHHQ￿VRPH￿VXFFHVV￿ZLWK￿D￿IHZ￿￿￿ ￿ ￿
RI￿WKHVH￿LQ￿RLOVHHG￿UDSH￿DQG￿VR\EHDQ￿EXW￿WKHUH￿UHPDLQV￿QHHG￿WR￿LQFUHDVH￿WKH￿TXDQWLW\￿
RI￿WKH￿VSHFLILF￿IDWW\￿DFLGV￿IRU￿FRVW￿HIIHFWLYH￿XVH￿RI￿WKH￿PRGLILHG￿FURSV￿￿:LWK￿D￿EHWWHU￿
XQGHUVWDQGLQJ￿ RI￿ WKH￿ ELRV\QWKHWLF￿ SDWKZD\￿ IRU￿ XQFRPPRQ￿ IDWW\￿ DFLGV￿LW￿ZLOO￿EH￿
SRVVLEOH￿WR￿DFKLHYH￿WKLV￿LQ￿WKH￿PDMRU￿RLO￿FURSV￿￿
3URVSHFWV￿DQG￿FKDOOHQJHV￿WR￿PRGLI\LQJ￿VHHG￿RLO￿FRPSRVLWLRQ￿LQ￿
VHVDPH￿
0ROHFXODU￿DVSHFWV￿
$￿GHWDLOHG￿NQRZOHGJH￿RI￿WKH￿PHWDEROLF￿SDWKZD\V￿LQYROYHG￿LQ￿WKH￿ELRV\QWKHVLV￿RI￿
IDWW\￿ DFLGV￿ LV￿ D￿ SUHUHTXLVLWH￿ IRU￿ JHQHWLF￿ HQJLQHHULQJ￿ RI￿ WKH￿ VHHG￿ IDWW\￿ DFLG￿
FRPSRVLWLRQ￿￿$OWKRXJK￿WKH￿SDWKZD\￿IRU￿VHVDPH￿LV￿QRW￿GRFXPHQWHG￿￿WKH￿IDWW\￿DFLG￿
SURILOH￿VXJJHVWV￿V\QWKHVLV￿YLD￿WKH￿NQRZQ￿URXWH￿FRPPRQ￿WR￿PRVW￿PDMRU￿RLO￿FURSV￿￿
9DULRXV￿ JHQHV￿ HQFRGLQJ￿ HQ]\PHV￿ LQYROYHG￿ LQ￿ IDWW\￿ DFLG￿ V\QWKHVLV￿ KDYH￿ EHHQ￿
LVRODWHG￿IURP￿WKH￿VSHFLHV￿DQG￿FKDUDFWHUL]HG￿￿<XNDZD￿HW￿DO￿￿￿￿￿￿￿￿￿LVRODWHG￿WZR￿
FRSLHV￿RI￿WKH￿ ￿￿VWHDUR\O￿$&3￿GHVDWXUDVH￿H[SUHVVHG￿LQ￿VHHGV￿￿5HFHQWO\￿￿D￿JHQH￿
HQFRGLQJ￿D￿PLFURVRPDO￿ ￿￿￿ROHR\O￿3&￿GHVDWXUDVH￿ZDV￿VLPXOWDQHRXVO\￿FORQHG￿E\￿
WZR￿UHVHDUFK￿JURXSV￿DQG￿FKDUDFWHUL]HG￿LQ￿VHVDPH￿￿-LQ￿HW￿DO￿￿￿￿￿￿￿￿￿DQG￿DUDELGRSVLV￿
￿SUHVHQW￿ZRUN￿￿3DSHU￿,9￿￿￿(OVHZKHUH￿￿D￿ ￿￿￿OLQROHR\O￿3&￿GHVDWXUDVH￿F'1$￿KDV￿
EHHQ￿ LVRODWHG￿ ￿*HQ%DQN￿ $FFHVVLRQ￿ (￿￿￿￿￿￿￿ DOWKRXJK￿ UHSRUWV￿ RQ￿ WKHLU￿
FKDUDFWHUL]DWLRQ￿DUH￿ODFNLQJ￿￿7KH￿H[SUHVVLRQ￿SDWWHUQ￿RI￿WKH￿FORQHG￿JHQHV￿LV￿ZHOO￿
XQGHUVWRRG￿￿ $GGLWLRQDO￿ JHQHV￿ WKDW￿ ZRXOG￿ EH￿ XVHIXO￿ LQ￿ PRGLI\LQJ￿ WKH￿ IDWW\￿ DFLG￿
FRPSRVLWLRQ￿LQ￿VHVDPH￿RLO￿DUH￿WKH￿.$6￿,,￿DQG￿SDOPLWR\O￿$&3￿WKLRHVWHUDVH￿￿%XW￿WR￿
WKH￿ EHVW￿ RI￿ P\￿ NQRZOHGJH￿￿ QR￿ .$6￿￿ DF\O￿$&3￿ WKLRHVWHUDVHV￿ RU￿HORQJDVHV￿IURP￿
VHVDPH￿KDYH￿EHHQ￿FKDUDFWHUL]HG￿WR￿GDWH￿￿￿
7DEOH￿￿￿VKRZV￿D￿VXPPDU\￿RI￿WDUJHW￿HQ]\PDWLF￿VWHSV￿WKDW￿FRXOG￿EH￿PRGXODWHG￿E\￿
JHQHWLF￿HQJLQHHULQJ￿WR￿DOWHU￿WKH￿VHHG￿IDWW\￿DFLG￿SURILOH￿OHDGLQJ￿WR￿DFFXPXODWLRQ￿RI￿
QRYHO￿ RLOV￿ LQ￿ VHVDPH￿￿ 8VLQJ￿ WKH￿ YDULRXV￿ PRGLILFDWLRQ￿ VWUDWHJLHV￿ ￿ODVW￿ FROXPQ￿LQ￿
7DEOH￿￿￿￿￿LW￿LV￿SRVVLEOH￿WR￿VSHFLILFDOO\￿YDU\￿WKH￿SURSRUWLRQV￿RI￿GLIIHUHQW￿IDWW\￿DFLGV￿
L￿H￿￿VDWXUDWHG￿RU￿PRQRXQVDWXUDWHG￿WR￿SRO\XQVDWXUDWHG￿DFLGV￿DQG￿FRQVHTXHQWO\￿FUHDWH￿
QHZ￿RLOV￿WKDW￿ZRXOG￿EH￿VXLWHG￿IRU￿RWKHU￿XVHV￿EHVLGHV￿WKH￿FRPPRQ￿XVH￿RI￿￿VHVDPH￿RLO￿
IRU￿ IU\LQJ￿ DQG￿ VDODG￿ GUHVVLQJ￿￿ &RQVLGHULQJ￿ WKDW￿ FRQYHQWLRQDO￿ VHVDPH￿ RLO￿ LV￿
EHQHILFLDO￿ WR￿ KXPDQ￿ KHDOWK￿￿ LW￿ VHHPV￿ DSSURSULDWH￿ WKDW￿ IXUWKHU￿ LPSURYHPHQW￿ RI￿
TXDOLW\￿VKRXOG￿IRFXV￿RQ￿SURGXFLQJ￿RLOV￿ZLWK￿QHZ￿GLHWDU\￿￿FRVPHWLF￿￿SKDUPDFHXWLFDO￿
DQG￿QXWUDFHXWLFDO￿XVHV￿WKDW￿ZRXOG￿HPEUDFH￿WKH￿NQRZQ￿DGYDQWDJHRXV￿SURSHUWLHV￿RI￿
WKH￿RLO￿￿7R￿EH￿DEOH￿WR￿LQFUHDVH￿SDOPLWLF￿DFLG￿FRQWHQW￿XVLQJ￿PROHFXODU￿WRROV￿￿LW￿PD\￿
EH￿ QHFHVVDU\￿ WR￿ FORQH￿ .$6￿ ,,￿ DQG￿ SDOPLWR\O￿$&3￿ WKLRHVWHUDVH￿ JHQHV￿ IURP￿ WKH￿
VSHFLHV￿￿$OWHUQDWLYHO\￿￿RQH￿FRXOG￿XWLOL]H￿FORQHV￿DOUHDG\￿LVRODWHG￿IURP￿RWKHU￿VSHFLHV￿
OLNH￿DUDELGRSVLV￿DQG￿VXQIORZHU￿￿
$Q￿ LPSRUWDQW￿ UHTXLUHPHQW￿ IRU￿ JHQHWLF￿ PRGLILFDWLRQ￿ RI￿ RLO￿ FRPSRVLWLRQ￿ LV￿ WKH￿
DYDLODELOLW\￿RI￿D￿VWURQJO\￿H[SUHVVHG￿VHHG￿VSHFLILF￿SURPRWHU￿￿%HVLGHV￿￿WKH￿SURPRWHU￿
VKRXOG￿ GLVSOD\￿ FRUUHFW￿ WHPSRUDO￿ H[SUHVVLRQ￿ RI￿ WKH￿ LQWURGXFHG￿ JHQHV￿ VLQFH￿ WKH￿
V\QWKHVLV￿ RI￿YDULRXV￿VWRUDJH￿SURGXFWV￿LV￿GHYHORSPHQWDOO\￿UHJXODWHG￿￿￿,Q￿VHVDPH￿￿
IDWW\￿ DFLG￿ V\QWKHVLV￿ EHJLQV￿ HDUO\￿ ￿￿￿ GD\V￿ DIWHU￿ IHUWLOLVDWLRQ￿￿ GXULQJ￿ VHHG￿
GHYHORSPHQW￿￿&KXQJ￿HW￿DO￿￿￿￿￿￿￿￿￿￿DQG￿WKHUHIRUH￿￿D￿ODWH￿H[SUHVVLQJ￿SURPRWHU￿ZRXOG￿￿ ￿￿￿
EH￿XQVXLWDEOH￿￿3URPRWHUV￿WR￿WKH￿VHHG￿H[SUHVVHG￿ ￿￿DQG￿ ￿￿￿GHVDWXUDVH￿JHQHV￿KDYH￿
EHHQ￿FORQHG￿DQG￿WKHLU￿H[SUHVVLRQ￿SDWWHUQ￿FKDUDFWHUL]HG￿￿<XNDZD￿HW￿DO￿￿￿￿￿￿￿￿￿-XQJ￿
HW￿ DO￿￿￿ ￿￿￿￿￿￿￿ 7KHVH￿ SURPRWHUV￿ DUH￿ VWURQJ￿ DQG￿ WXUQHG￿ RQ￿ DW￿ WKH￿ RQVHW￿ RI￿ OLSLG￿
V\QWKHVLV￿￿PDNLQJ￿WKHP￿LGHDO￿FDQGLGDWHV￿IRU￿IXWXUH￿XVH￿LQ￿WKH￿HQJLQHHULQJ￿RI￿VHVDPH￿
RLO￿FRPSRVLWLRQ￿￿
7DEOH￿￿￿3RVVLEOH￿WDUJHWV￿IRU￿JHQHWLF￿PRGLILFDWLRQ￿RI￿VHVDPH￿RLO￿￿
7DUJHW￿RLO￿ $GYDQWDJH￿XVH￿ $SSURDFK￿
+LJK￿SDOPLWDWH￿ 5HGXFHG￿QHHG￿IRU￿
K\GURJHQDWLRQ￿￿PDUJDULQH￿￿
VKRUWHQLQJV￿￿VRDSV￿￿OXEULFDWLQJ￿
JUHDVH￿
'RZQ￿UHJXODWH￿ ￿NHWRDF\O￿
V\QWKDVH￿,,￿DFWLYLW\￿￿2YHU￿
H[SUHVV￿SDOPLWR\O￿$&3￿
7KLRHVWHUDVH￿
+LJK￿VWHDUDWH￿ 5HGXFHG￿QHHG￿IRU￿
K\GURJHQDWLRQ￿￿￿PDUJDULQH￿RU￿
FRFRD￿EXWWHU￿VXEVWLWXWH￿￿
FRVPHWLFV￿￿SKDUPDFHXWLFDOV￿
'RZQ￿UHJXODWH￿VWHDUR\O￿$&3￿
GHVDWXUDVH￿
+LJK￿ROHDWH￿ ,QFUHDVHG￿RLO￿VWDELOLW\￿￿EHWWHU￿
IU\LQJ￿RLO￿￿SKDUPDFHXWLFDOV￿￿
VRDSV￿￿FRVPHWLFV￿
'RZQ￿UHJXODWH￿ROHR\O￿$&3￿
GHVDWXUDVH￿￿
+LJK￿OLQROHDWH￿
RU￿OLQROHQDWH￿
,PSURYHG￿QXWULWLRQDO￿YDOXH￿￿
VDODG￿RLO￿￿FRDWLQJV￿￿FRVPHWLFV￿￿
SDLQWV￿
2YHU￿H[SUHVV￿ ￿￿￿DQG￿ ￿￿￿
GHVDWXUDVHV￿
*HQH￿WUDQVIHU￿PHWKRGV￿
$￿VXLWDEOH￿SURFHGXUH￿IRU￿WUDQVIHUULQJ￿JHQHV￿RI￿LQWHUHVW￿LQWR￿D￿SODQW￿LV￿QHHGHG￿WR￿
DFKLHYH￿ WKH￿ JRDO￿ RI￿ PRGLI\LQJ￿ RLO￿ FRPSRVLWLRQ￿￿ 0HWKRGV￿ WKDW￿ KDYH￿ EHHQ￿
VXFFHVVIXOO\￿ XVHG￿ WR￿ WUDQVIRUP￿ SODQWV￿ LQFOXGH￿ SDUWLFOH￿ ERPEDUGPHQW￿￿ 3(*￿
WUDQVIHFWLRQ￿RI￿SURWRSODVWV￿DQG￿$JUREDFWHULXP￿PHGLDWHG￿WUDQVIRUPDWLRQ￿￿+DQVHQ￿￿￿
:ULJKW￿￿ ￿￿￿￿￿￿￿ (DFK￿ V\VWHP￿ KDV￿ LWV￿ DGYDQWDJHV￿ DQG￿ OLPLWDWLRQV￿￿ QHFHVVLWDWLQJ￿
FRQWLQXRXV￿ LPSURYHPHQW￿ RI￿ WKH￿ V\VWHPV￿ DQG￿ GHYHORSPHQW￿ RI￿ QHZ￿ RQHV￿￿ 7KH￿
HIILFLHQF\￿RI￿D￿JLYHQ￿GHOLYHU\￿V\VWHP￿LV￿GHSHQGHQW￿RQ￿WKH￿VSHFLHV￿WR￿EH￿WUDQVIRUPHG￿￿
$JUREDFWHULXP￿PHGLDWHG￿WUDQVIRUPDWLRQ￿LV￿WKH￿PRVW￿FRPPRQO\￿XVHG￿PHWKRG￿IRU￿
GLFRW\OHGRQRXV￿VSHFLHV￿￿7UDQVIRUPDWLRQ￿SURWRFROV￿KDYH￿EHHQ￿GHYHORSHG￿IRU￿PRVW￿RI￿
WKH￿PDMRU￿RLO￿FURSV￿LQFOXGLQJ￿RLOVHHG￿UDSH￿￿'DPJDDUG￿￿-HQVHQ￿￿￿5DVPXVVHQ￿￿￿￿￿￿￿￿
.KDQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿VR\EHDQ￿￿.R￿￿1HOVRQ￿￿￿.RUEDQ￿￿￿￿￿￿￿￿￿VXQIORZHU￿￿+HZH]L￿HW￿
DO￿￿￿￿￿￿￿￿￿￿FRWWRQ￿￿/HHODYDWKL￿HW￿DO￿￿￿￿￿￿￿￿￿DQG￿SHDQXW￿￿(JQLQ￿￿0RUD￿￿￿3UDNDVK￿￿
￿￿￿￿￿￿DPRQJ￿RWKHUV￿￿DOO￿LQYROYLQJ￿WKH￿XVH￿RI￿$￿￿WXPHIDFLHQV￿￿￿
$JUREDFWHULXP￿PHGLDWHG￿WUDQVIRUPDWLRQ￿KDV￿D￿QXPEHU￿RI￿DGYDQWDJHV￿RYHU￿GLUHFW￿
WUDQVIRUPDWLRQ￿ PHWKRGV￿￿ $￿ ORZ￿ FRS\￿ QXPEHU￿ RI￿ WKH￿ WUDQVJHQH￿ LV￿ WUDQVIHUUHG￿￿
SRWHQWLDOO\￿ OHDGLQJ￿ WR￿ IHZHU￿ SUREOHPV￿ ZLWK￿ WUDQVJHQH￿ VLOHQFLQJ￿ DQG￿ LQVWDELOLW\￿
￿+DQVHQ￿￿6KLOOLWR￿￿￿&KLOWRQ￿￿￿￿￿￿￿￿￿8VLQJ￿WKLV￿PHWKRG￿￿ODUJH￿'1$￿IUDJPHQWV￿FDQ￿
EH￿VXFFHVVIXOO\￿WUDQVIHUUHG￿DW￿D￿WLPH￿￿+DPLOWRQ￿￿￿￿￿￿￿￿￿￿,Q￿DGGLWLRQ￿￿VLQJOH￿FHOOV￿DUH￿
WUDQVIRUPHG￿DQG￿ZKROH￿SODQWV￿UHJHQHUDWHG￿￿PLQLPL]LQJ￿WKH￿SRVVLELOLW\￿RI￿IRUPLQJ￿￿￿ ￿ ￿
PRVDLF￿SODQWV￿WKDW￿DUH￿PRUH￿IUHTXHQW￿ZKHQ￿GLUHFW￿WUDQVIRUPDWLRQ￿PHWKRGV￿DUH￿XVHG￿
￿(QUtTXH]￿2EUHJyQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿
,Q￿DGGLWLRQ￿￿WKHUH￿DUH￿PDQ\￿GLIIHUHQW￿VWUDLQV￿RI￿$JUREDFWHULXP￿WR￿VHOHFW￿IURP￿WKDW￿
KDYH￿YDU\LQJ￿DELOLW\￿WR￿LQIHFW￿DQG￿WUDQVIRUP￿SODQWV￿￿7KHLU￿GHJUHH￿RI￿YLUXOHQFH￿LV￿
GHWHUPLQHG￿ E\￿ WKH￿ FKURPRVRPDO￿ EDFNJURXQG￿ DQG￿ WKH￿ WXPRXU￿LQGXFLQJ￿ SODVPLGV￿
WKH\￿ FRQWDLQ￿ ￿+HOOHQV￿￿ 0XOOLQHDX[￿ ￿￿ .OHH￿￿ ￿￿￿￿￿￿￿ 6WUDLQV￿ ZLWK￿ WKH￿ &￿￿￿
FKURPRVRPDO￿EDFNJURXQG￿LQFOXGLQJ￿*9￿￿￿￿￿￿RFWRSLQH￿￿￿*9￿￿￿￿￿￿QRSDOLQH￿￿￿(+$￿
￿￿￿￿￿QRSDOLQH￿￿DQG￿(+$￿￿￿￿￿VXFFLQDPRSLQH￿￿DPRQJ￿RWKHUV￿DUH￿KLJKO\￿YLUXOHQW￿￿
PDNLQJ￿ WKHP￿ HIIHFWLYH￿ IRU￿ WKH￿ WUDQVIRUPDWLRQ￿ RI￿ HYHQ￿ WKH￿ UHFDOFLWUDQW￿ VSHFLHV￿￿
7KHUHIRUH￿￿RQH￿KDV￿D￿YDULHW\￿RI￿VWUDLQV￿IURP￿ZKLFK￿WR￿VHOHFW￿WKH￿PRVW￿VXLWDEOH￿IRU￿
WUDQVIRUPDWLRQ￿RI￿D￿JLYHQ￿SODQW￿VSHFLHV￿￿
$￿PDMRU￿GUDZEDFN￿WR￿WKH￿DSSOLFDWLRQ￿RI￿$JUREDFWHULXP￿PHGLDWHG￿WUDQVIRUPDWLRQ￿
LV￿ WKDW￿ LW￿ XVXDOO\￿ UHTXLUHV￿ WKH￿ UHJHQHUDWLRQ￿ RI￿ ZKROH￿ IHUWLOH￿ SODQWV￿ IURP￿ WLVVXH￿
FXOWXUH￿￿ 7KLV￿ KDV￿ SURYHG￿ GLIILFXOW￿ WR￿ DFKLHYH￿ IRU￿ PDQ\￿ LPSRUWDQW￿ FURS￿ VSHFLHV￿￿
XQIRUWXQDWHO\￿￿LQFOXGLQJ￿VHVDPH￿￿7KXV￿￿WKH￿$JUREDFWHULXP￿V\VWHP￿ZLOO￿QRW￿IXQFWLRQ￿
ZLWK￿ SODQWV￿ WKDW￿ FDQQRW￿ EH￿ UHJHQHUDWHG￿ IURP￿ FXOWXUH￿ RU￿ WROHUDWH￿ ZRXQGLQJ￿￿ ,Q￿
DGGLWLRQ￿￿ WLVVXH￿ FXOWXUH￿ RFFDVLRQDOO\￿ SURGXFHV￿ XQZDQWHG￿ VRPDFORQDO￿ YDULDQWV￿￿
QHFHVVLWDWLQJ￿LQWHQVLYH￿VFUHHQLQJ￿RI￿WUDQVJHQLF￿OLQHV￿IRU￿SKHQRW\SHV￿RQO\￿UHVXOWLQJ￿
IURP￿ H[SUHVVLRQ￿ RI￿ WKH￿ WUDQVJHQH￿ ￿+DQVHQ￿ ￿￿ :ULJKW￿￿ ￿￿￿￿￿￿￿ 7LVVXH￿ FXOWXUH￿
GHSHQGHQW￿WUDQVIRUPDWLRQ￿LV￿ODERULRXV￿￿H[SHQVLYH￿DQG￿UHTXLUHV￿JUHDW￿H[SHUWLVH￿￿￿
6SHFLHV￿ ZLWK￿ GLIILFXOWLHV￿ WR￿ UHJHQHUDWH￿ PD\￿ EH￿ WUDQVIRUPHG￿ XVLQJ￿ LQ￿ SODQWD￿
PHWKRGV￿￿ZKLFK￿DYRLG￿WKH￿WLVVXH￿FXOWXUH￿VWHS￿DQG￿DVVRFLDWHG￿SUREOHPV￿￿,Q￿SODQWD￿
WUDQVIRUPDWLRQ￿LQYROYHV￿WKH￿GHOLYHU\￿RI￿WUDQVJHQHV￿LQWR￿LQWDFW￿SODQWV￿HLWKHU￿DV￿QDNHG￿
'1$￿ RU￿ E\￿ PHDQV￿ RI￿ $JUREDFWHULXP￿￿ $￿ QXPEHU￿ RI￿ DSSURDFKHV￿ WR￿ LQ￿ SODQWD￿
WUDQVIRUPDWLRQ￿ KDYH￿ EHHQ￿ XVHG￿ LQ￿ D￿ YDULHW\￿ RI￿ SODQW￿ VSHFLHV￿￿ 7KHVH￿ LQFOXGH￿
LQRFXODWLRQ￿RI￿VHHGV￿ZLWK￿$JUREDFWHULXP￿￿)HOGPDQQ￿￿￿0DUNV￿￿￿￿￿￿￿￿IROORZHG￿E\￿
VHOHFWLRQ￿RI￿SURJHQ\￿￿YDFXXP￿LQILOWUDWLRQ￿RI￿VHHGOLQJV￿￿RU￿IORZHULQJ￿SODQWV￿￿7ULHX￿HW￿
DO￿￿￿ ￿￿￿￿￿￿￿ IORUDO￿ GLS￿ ￿&ORXJK￿ ￿￿ %HQW￿￿ ￿￿￿￿￿￿ RU￿ VSUD\LQJ￿ IORZHUV￿ ZLWK￿
$JUREDFWHULXP￿￿&KXQJ￿￿&KHQ￿￿￿3DQ￿￿￿￿￿￿￿￿DQG￿VRPHWLPHV￿E\￿DSSO\LQJ￿'1$￿WR￿
VW\OHV￿RI￿UHFHQWO\￿SROOLQDWHG￿IORZHUV￿￿6KRX￿￿3DOPHU￿￿￿:DQJ￿￿￿￿￿￿￿￿￿2I￿DOO￿WKHVH￿
PHWKRGV￿￿IORUDO￿LQILOWUDWLRQ￿KDV￿EHHQ￿WKH￿PRVW￿VXFFHVVIXOO\￿XVHG￿LQ￿VHYHUDO￿VSHFLHV￿￿
DQG￿VKRZV￿SURPLVH￿IRU￿EURDGHU￿DSSOLFDWLRQ￿WR￿GLYHUVH￿FURSV￿￿7KH￿VLPSOLFLW\￿RI￿WKH￿
PHWKRG￿PDNHV￿LW￿D￿YHU\￿DWWUDFWLYH￿DOWHUQDWLYH￿WR￿WLVVXH￿FXOWXUH￿EDVHG￿PHWKRGV￿￿:LWK￿
WKH￿QRZ￿LQFUHDVLQJ￿XQGHUVWDQGLQJ￿RI￿JHUP￿OLQH￿WUDQVIRUPDWLRQ￿￿LW￿VHHPV￿SRVVLEOH￿WR￿
GHYHORS￿UREXVW￿LQ￿SODQWD￿WUDQVIRUPDWLRQ￿SURWRFROV￿IRU￿RWKHU￿SODQW￿VSHFLHV￿EHVLGHV￿
DUDELGRSVLV￿￿
￿
￿
￿￿ ￿￿￿
,Q￿YLWUR￿UHJHQHUDWLRQ￿DQG￿WUDQVIRUPDWLRQ￿RI￿
VHVDPH￿
$￿QXPEHU￿RI￿WUDLWV￿VXFK￿DV￿ORZ￿JUDLQ￿\LHOG￿￿VHQVLWLYLW\￿WR￿FHUWDLQ￿HQYLURQPHQWDO￿
VWUHVVHV￿￿DQG￿LQVXIILFLHQW￿GLYHUVLW\￿LQ￿RLO￿FRPSRVLWLRQ￿QHHG￿JHQHWLF￿LPSURYHPHQW￿￿
6RPH￿RI￿WKH￿GHVLUDEOH￿WUDLWV￿H￿J￿￿GLVHDVH￿DQG￿SHVW￿UHVLVWDQFH￿DUH￿SUHVHQW￿LQ￿ZLOG￿
UHODWLYHV￿ EXW￿ FDQQRW￿ EH￿ LQWURJUHVVHG￿ LQWR￿ WKH￿ FURS￿ EHFDXVH￿ RI￿ LQWHUVSHFLILF￿
K\EULGL]DWLRQ￿EDUULHUV￿￿(VWDEOLVKPHQW￿RI￿DQ￿HIILFLHQW￿PHWKRG￿RI￿JHQH￿WUDQVIHU￿￿ZKLFK￿
FLUFXPYHQWV￿WD[RQRPLF￿EDUULHUV￿￿ZRXOG￿VSHHG￿XS￿WKH￿GHYHORSPHQW￿RI￿QHZ￿YDULHWLHV￿
E\￿IDFLOLWDWLQJ￿WKH￿XVH￿RI￿ERWK￿FRQYHQWLRQDO￿EUHHGLQJ￿DQG￿ELRWHFKQRORJ\￿￿￿
$￿ YDULHW\￿ RI￿ WHFKQLTXHV￿ IRU￿ FHOO￿￿ WLVVXH￿ DQG￿ RUJDQ￿ FXOWXUH￿ LQFOXGLQJ￿ HPEU\R￿
UHVFXH￿￿ PLFURSURSDJDWLRQ￿ DQG￿ UHJHQHUDWLRQ￿ WKDW￿ ZRXOG￿ EH￿ XVHIXO￿ LQ￿ VHVDPH￿
LPSURYHPHQW￿￿KDYH￿EHHQ￿LQYHVWLJDWHG￿￿$VKUL￿￿￿￿￿￿￿￿￿$OWKRXJK￿PXFK￿HIIRUW￿LV￿SXW￿
LQWR￿ GHYHORSLQJ￿ WLVVXH￿ FXOWXUH￿ V\VWHPV￿ IRU￿ WKH￿ FURS￿￿ LW￿ KDV￿ SURYHG￿ WR￿ EH￿ YHU\￿
SUREOHPDWLF￿WR￿UHJHQHUDWH￿￿5HJHQHUDWLRQ￿WKURXJK￿VRPDWLF￿HPEU\RJHQHVLV￿KDV￿EHHQ￿
DFKLHYHG￿IURP￿VHHGOLQJ￿GHULYHG￿FDOOXV￿￿0DU\￿￿￿-D\DEDODQ￿￿￿￿￿￿￿￿;X￿￿-LD￿￿￿+X￿￿
￿￿￿￿￿￿DQG￿]\JRWLF￿HPEU\RV￿￿5DP￿HW￿DO￿￿￿￿￿￿￿￿￿EXW￿ZLWK￿ORZ￿HIILFLHQF\￿LQ￿FDOOXV￿
FXOWXUHV￿￿7KHUH￿DUH￿YDULRXV￿UHSRUWV￿RQ￿DGYHQWLWLRXV￿VKRRW￿UHJHQHUDWLRQ￿WKURXJK￿D￿
FDOOXV￿SKDVH￿IURP￿K\SRFRW\O￿DQG￿FRW\OHGRQ￿H[SODQWV￿￿5DR￿￿￿9DLG\DQDWK￿￿￿￿￿￿￿￿
7D˙NLQ￿￿￿7XUJXW￿￿￿￿￿￿￿￿<RXQJKHH￿￿￿￿￿￿￿￿￿ZLWK￿IUHTXHQFLHV￿UDQJLQJ￿EHWZHHQ￿￿￿￿￿￿
DQG￿￿￿￿￿￿￿￿,Q￿VRPH￿FDVHV￿VKRRW￿IRUPDWLRQ￿ZDV￿QRW￿DFKLHYHG￿￿%DWUD￿￿'KLQJUD￿￿￿
*RJQD￿￿￿￿￿￿￿￿*DQHVK￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KHUHIRUH￿￿HIILFLHQW￿LQ￿YLWUR￿UHJHQHUDWLRQ￿LV￿\HW￿
WR￿EH￿HVWDEOLVKHG￿IRU￿WKH￿FURS￿￿
7KH￿DYDLODELOLW\￿RI￿DQ￿HIILFLHQW￿UHJHQHUDWLRQ￿SURWRFRO￿LV￿D￿NH\￿UHTXLUHPHQW￿IRU￿
GHYHORSLQJ￿D￿WUDQVIRUPDWLRQ￿PHWKRG￿IRU￿DQ\￿JLYHQ￿SODQW￿VSHFLHV￿￿7KH￿SUHYDLOLQJ￿
SUREOHP￿ RI￿ UHFDOFLWUDQFH￿ WR￿ UHJHQHUDWLRQ￿ SUHVHQWV￿ D￿ PDMRU￿ REVWDFOH￿ WR￿ WKH￿
DSSOLFDWLRQ￿ RI￿ JHQHWLF￿ WUDQVIRUPDWLRQ￿ RQ￿ WKLV￿ FURS￿￿ 6R￿ IDU￿￿ WKH￿ XVH￿ RI￿ JHQHWLF￿
HQJLQHHULQJ￿ IRU￿ WKH￿ LPSURYHPHQW￿ RI￿ VHVDPH￿ KDV￿ EHHQ￿ OLPLWHG￿ E\￿ ODFN￿ RI￿ D￿
WUDQVIRUPDWLRQ￿ V\VWHP￿￿ 7D˙NLQ￿￿ (UFDQ￿ ￿￿ 7XUJXW￿￿￿￿￿￿￿￿￿KDYH￿GHPRQVWUDWHG￿WKDW￿
VHVDPH￿LV￿VXVFHSWLEOH￿WR￿WUDQVIRUPDWLRQ￿E\￿$￿￿WXPHIDFLHQV￿EXW￿IDLOHG￿WR￿UHJHQHUDWH￿
WUDQVJHQLF￿SODQWV￿IURP￿FDOOXV￿￿7UDQVIRUPDWLRQ￿E\￿$￿￿UKL]RJHQHV￿KDV￿EHHQ￿XVHG￿IRU￿
WKH￿SURGXFWLRQ￿RI￿QRYHO￿FRPSRXQGV￿LQ￿VHVDPH￿URRWV￿￿-LQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿6R￿IDU￿WKHUH￿
DUH￿QR￿UHSRUWV￿RQ￿UHJHQHUDWLRQ￿RI￿WUDQVJHQLF￿SODQWV￿IURP￿WUDQVIRUPHG￿VHVDPH￿URRWV￿￿
7KH￿ SROOHQ￿ WXEH￿ SDWKZD\￿ RI￿ WUDQVIRUPDWLRQ￿ ZKLFK￿ KDV￿ EHHQ￿ UHSRUWHG￿ WR￿ EH￿
LUUHSURGXFLEOH￿ ￿6KRX￿￿ 3DOPHU￿ ￿￿ :DQJ￿￿ ￿￿￿￿￿￿￿ ZDV￿ UHFHQWO\￿ XVHG￿ WR￿ SURGXFH￿
WUDQVJHQLF￿ GLVHDVH￿ UHVLVWDQW￿ VHVDPH￿ OLQHV￿ WUDQVIRUPHG￿ ZLWK￿ JHQHV￿ REWDLQHG￿ IURP￿
ZLOG￿6HVDPXP￿VSHFLHV￿￿*DR￿HW￿DO￿￿￿￿￿￿￿￿￿￿
￿
￿￿￿ ￿ ￿
7KH￿SUHVHQW￿VWXG\￿
%DFNJURXQG￿DQG￿MXVWLILFDWLRQ￿
0RVW￿RI￿WKH￿YHJHWDEOH￿RLO￿XVHG￿LQ￿(DVW￿$IULFDQ￿FRXQWULHV￿LV￿LPSRUWHG￿￿'XULQJ￿WKH￿
PLG￿￿￿￿￿V￿ VXUSOXV￿ TXDQWLWLHV￿ RI￿ LQH[SHQVLYH￿ SDOP￿ RLO￿ HQWHUHG￿ WKH￿ (DVW￿ $IULFDQ￿
PDUNHW￿￿ OHDGLQJ￿ WR￿ D￿ GUDVWLF￿ UHGXFWLRQ￿ LQ￿ WKH￿ SURGXFWLRQ￿ RI￿ RLO￿ FURSV￿ LQFOXGLQJ￿
VHVDPH￿￿9HJHWDEOH￿RLO￿LPSRUWV￿￿KRZHYHU￿FKHDS￿WKH\￿PD\￿EH￿￿LQFUHDVH￿WKH￿IRUHLJQ￿
H[FKDQJH￿GHELWV￿WR￿WKH￿SHUSHWXDOO\￿SRRU￿HFRQRPLHV￿RI￿WKHVH￿FRXQWULHV￿￿,Q￿.HQ\D￿￿
DERXW￿￿￿￿￿￿￿￿￿W￿RI￿HGLEOH￿RLO￿DUH￿FRQVXPHG￿DQQXDOO\￿ZLWK￿RQO\￿DERXW￿￿￿￿￿SURGXFHG￿
ORFDOO\￿￿)$267$7￿'DWD￿￿￿￿￿￿￿￿￿7R￿PDNH￿XS￿IRU￿WKH￿GHILFLW￿LQ￿LWV￿GRPHVWLF￿VXSSO\￿￿
WKH￿FRXQWU\￿VSHQGV￿RYHU￿￿￿￿￿￿￿PLOOLRQ￿RQ￿YHJHWDEOH￿RLO￿LPSRUWDWLRQ￿HYHU\￿\HDU￿￿(DVW￿
$IULFDQ￿FRXQWULHV￿ZRXOG￿EHQHILW￿WKURXJK￿UHYLYLQJ￿RLO￿FURS￿SURGXFWLRQ￿WR￿PHHW￿WKHLU￿
QHHGV￿￿6HVDPH￿￿UHSXWHG￿WR￿EH￿RQH￿RI￿WKH￿PRVW￿LPSRUWDQW￿RLO￿FURSV￿LQ￿.HQ\D￿DQG￿
7DQ]DQLD￿￿&KLPEL￿￿￿.DILULWL￿￿￿￿￿￿￿￿￿6XGDQ￿￿$KPHG￿￿￿￿￿￿￿￿￿(WKLRSLD￿￿%HOD\QHK￿￿
:H\HVVD￿ ￿￿ 8UDJH￿￿ ￿￿￿￿￿￿￿ DQG￿ (J\SW￿ ￿,EUDKLP￿￿ ￿￿￿￿￿￿ LV￿ RQH￿ FDQGLGDWH￿ IRU￿
LPSURYHPHQW￿￿7R￿SURPRWH￿LWV￿SURGXFWLRQ￿LQ￿(DVWHUQ￿$IULFD￿￿D￿UHJLRQDO￿UHVHDUFK￿VXE￿
QHWZRUN￿ZLWK￿D￿IRFXV￿RQ￿VHVDPH￿KDV￿EHHQ￿HVWDEOLVKHG￿￿2PUDQ￿￿￿￿￿￿￿￿￿
)$2￿ ([SHUWV￿ &RQVXOWDWLRQV￿ ￿$QRQ￿￿ ￿￿￿￿￿￿ $VKUL￿￿ ￿￿￿￿￿￿ LQ￿ WKH￿ SDVW￿ KDYH￿
UHFRPPHQGHG￿RLO￿TXDOLW\￿LPSURYHPHQW￿DV￿RQH￿RI￿WKH￿NH\￿EUHHGLQJ￿JRDOV￿WKDW￿ZRXOG￿
FRQWULEXWH￿WR￿LQFUHDVHG￿SURGXFWLRQ￿RI￿VHVDPH￿VLQFH￿WKLV￿ZRXOG￿OHDG￿WR￿EHWWHU￿PDUNHW￿
FRPSHWLWLYHQHVV￿IRU￿WKH￿FURS￿￿%UHHGLQJ￿IRU￿KLJK￿JUDLQ￿\LHOG￿KDV￿DOVR￿EHHQ￿SURSRVHG￿￿
0RVW￿RI￿WKH￿EUHHGLQJ￿ZRUN￿LQ￿(DVWHUQ￿$IULFD￿KDV￿IRFXVVHG￿RQ￿LQFUHDVLQJ￿VHHG￿\LHOG￿
￿2PUDQ￿￿￿￿￿￿￿￿$\LHFKR￿￿￿1\DEXQGL￿￿￿￿￿￿￿￿￿ZKLOH￿WKH￿FDVH￿RI￿RLO￿TXDOLW\￿UHPDLQV￿
XQUHVROYHG￿￿
7KH￿DLP￿RI￿WKLV￿SURMHFW￿ZDV￿WR￿GHYHORS￿FRQYHQWLRQDO￿DQG￿ELRWHFKQRORJLFDO￿WRROV￿
WKDW￿ZRXOG￿EH￿XVHG￿LQ￿VHVDPH￿LPSURYHPHQW￿SURJUDPV￿WRZDUGV￿GLYHUVLI\LQJ￿WKH￿IDWW\￿
DFLG￿FRPSRVLWLRQ￿RI￿WKH￿VHHG￿RLO￿￿6XFK￿ZRUN￿ZRXOG￿KHOS￿H[SDQG￿WKH￿PDUNHW￿QLFKH￿
IRU￿VHVDPH￿RLO￿￿WKHUHE\￿FRQWULEXWLQJ￿WR￿LQFUHDVHG￿FXOWLYDWLRQ￿RI￿WKH￿FURS￿DQG￿UHGXFH￿
WKH￿DGGHG￿H[SHQGLWXUH￿RQ￿HGLEOH￿RLO￿LPSRUWV￿LQ￿(DVW￿$IULFD￿￿,Q￿DGGLWLRQ￿￿D￿EHWWHU￿
PDUNHW￿ FRPSHWLWLYHQHVV￿ ZRXOG￿ WUDQVODWH￿ WR￿ KDYLQJ￿ D￿ VXUH￿ VRXUFH￿ RI￿ LQFRPH￿ IRU￿
VHVDPH￿IDUPHUV￿￿WKHUHE\￿LPSURYLQJ￿WKHLU￿OLYHOLKRRG￿￿)URP￿D￿ORQJ￿WHUP￿SHUVSHFWLYH￿
WKH￿SUHVHQW￿ZRUN￿￿WKURXJK￿GHYHORSPHQW￿RI￿UHJHQHUDWLRQ￿DQG￿WUDQVIRUPDWLRQ￿PHWKRGV￿
WKDW￿DUH￿FXUUHQWO\￿ODFNLQJ￿￿FUHDWHV￿D￿SODWIRUP￿IRU￿WKH￿IXWXUH￿LPSURYHPHQW￿RI￿RWKHU￿
WUDLWV￿LQ￿VHVDPH￿XVLQJ￿ELRWHFKQRORJ\￿￿￿
7KHUH￿LV￿LQVXIILFLHQW￿YDULDELOLW\￿LQ￿WKH￿IDWW\￿DFLG￿FRPSRVLWLRQ￿RI￿VHVDPH￿RLO￿￿7KLV￿
SURMHFW￿ZLOO￿LGHQWLI\￿FXOWLYDUV￿ZLWK￿KLJK￿RLO￿FRQWHQW￿DQG￿D￿FRPSRVLWLRQ￿GLIIHUHQW￿
IURP￿WKH￿UHVW￿WKDW￿ZLOO￿ODWHU￿EH￿GHYHORSHG￿IXUWKHU￿E\￿JHQHWLF￿PRGLILFDWLRQ￿IRU￿WKH￿
SURGXFWLRQ￿ RI￿ QRYHO￿ RLOV￿￿ *HQHWLF￿ WUDQVIRUPDWLRQ￿ RI￿ VHVDPH￿ ZLWK￿ FHUWDLQ￿ JHQHV￿
LQYROYHG￿ LQ￿ IDWW\￿ DFLG￿ V\QWKHVLV￿ ZLOO￿ SURYLGH￿ D￿ PHDQV￿ WR￿ HIIHFW￿ FKDQJHV￿ LQ￿ RLO￿
FRPSRVLWLRQ￿￿￿6HYHUDO￿RI￿WKHVH￿JHQHV￿KDYH￿EHHQ￿FORQHG￿IURP￿VHVDPH￿￿UHYLHZHG￿
KHUHLQ￿￿￿DQG￿PDQ\￿RWKHU￿XVHIXO￿RQHV￿IURP￿YDULRXV￿SODQW￿VSHFLHV￿￿)RU￿H[DPSOH￿￿WKH￿
DF\O￿$&3￿ WKLRHVWHUDVHV￿ ￿+DZNLQV￿ ￿￿ .ULGO￿￿ ￿￿￿￿￿￿ FORQHG￿ IURP￿ PDQJRVWHHQ￿
￿*DUFLQLD￿ PDQJRVWDQD￿￿ DQG￿ XVHG￿ WR￿ WUDQVIRUP￿ FDQROD￿ UHVXOWLQJ￿ LQ￿ D￿ GUDPDWLF￿￿ ￿￿￿
LQFUHDVH￿LQ￿VWHDULF￿DFLG￿IURP￿WKH￿QRUPDO￿￿￿￿LQ￿ZLOG￿W\SH￿SODQWV￿WR￿D￿PD[LPXP￿RI￿
￿￿￿￿ LQ￿ WUDQVJHQLF￿ OLQHV￿￿ 2QFH￿ WKH￿ UHTXLUHG￿ WRROV￿ IRU￿ VXFK￿ PDQLSXODWLRQ￿￿ ZKLFK￿
LQFOXGH￿WKH￿JHQHV￿DQG￿SURPRWHUV￿￿DQG￿D￿VXLWDEOH￿PHWKRG￿IRU￿JHQH￿WUDQVIHU￿DUH￿LQ￿
SODFH￿VLPLODU￿UHVXOWV￿ZLOO￿DOVR￿EH￿DFKLHYDEOH￿LQ￿VHVDPH￿￿
2EMHFWLYHV￿
7KH￿ORQJ￿WHUP￿REMHFWLYH￿RI￿WKH￿UHVHDUFK￿LV￿WR￿FKDQJH￿WKH￿IDWW\￿DFLG￿FRPSRVLWLRQ￿RI￿
VHHG￿RLO￿LQ￿RUGHU￿WR￿FUHDWH￿QHZ￿XVHV￿IRU￿VHVDPH￿RLO￿￿DQG￿WKXV￿LPSURYH￿LWV￿PDUNHW￿
FRPSHWLWLYHQHVV￿￿7KH￿LPPHGLDWH￿REMHFWLYHV￿RI￿WKLV￿UHVHDUFK￿ZHUH￿WR￿￿
￿￿￿ $VVHVV￿YDULDELOLW\￿LQ￿WKH￿RLO￿FRQWHQW￿DQG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿RI￿(DVW￿
$IULFDQ￿ VHVDPH￿ DV￿ D￿ PHDQV￿ RI￿ LGHQWLI\LQJ￿ XVHIXO￿ FXOWLYDUV￿ IRU￿
LQFRUSRUDWLRQ￿LQWR￿EUHHGLQJ￿SURJUDPV￿￿
￿￿￿ 'HYHORS￿DQ￿LQ￿YLWUR￿UHJHQHUDWLRQ￿SURWRFRO￿IRU￿(DVW￿$IULFDQ￿FXOWLYDUV￿RI￿
VHVDPH￿WKDW￿FRXOG￿EH￿XVHG￿IRU￿WUDQVIRUPDWLRQ￿￿￿
￿￿￿ 'HYHORS￿PHWKRGV￿IRU￿JHQH￿WUDQVIHU￿WR￿VHVDPH￿XVLQJ￿$￿￿WXPHIDFLHQV￿￿
￿￿￿ &ORQH￿ DQG￿ FKDUDFWHULVH￿ WKH￿ VHHG￿ VSHFLILF￿ PLFURVRPDO￿ ￿￿￿ ROHR\O￿3&￿
GHVDWXUDVH￿ JHQH￿V￿￿ IURP￿ VHVDPH￿ DV￿ D￿ SUHUHTXLVLWH￿ WR￿ PRGLI\LQJ￿ WKH￿
ROHLF￿OLQROHLF￿DFLG￿SURSRUWLRQ￿LQ￿WKH￿VHHG￿RLO￿￿
0DWHULDOV￿DQG￿0HWKRGV￿
3ODQW￿PDWHULDO￿
7KH￿VHVDPH￿DFFHVVLRQV￿XVHG￿LQ￿WKLV￿ZRUN￿ZHUH￿FROOHFWHG￿IURP￿:HVWHUQ￿DQG￿&RDVWDO￿
SURYLQFHV￿RI￿.HQ\D￿￿DQG￿8JDQGD￿DQG￿7DQ]DQLD￿LQ￿WKH￿\HDUV￿￿￿￿￿￿DQG￿￿￿￿￿￿￿7KH￿
FROOHFWLRQ￿LV￿PDLQWDLQHG￿DW￿WKH￿'HSDUWPHQW￿RI￿%RWDQ\￿￿0RL￿8QLYHUVLW\￿LQ￿.HQ\D￿￿
0DWHULDOV￿ IRU￿ IDWW\￿ DFLG￿ DQDO\VLV￿ ZHUH￿ ILHOG￿JURZQ￿ ZKLOH￿ WKRVH￿ XVHG￿ IRU￿ IORUDO￿
WUDQVIRUPDWLRQ￿ ZHUH￿ UDLVHG￿ XQGHU￿ FRQWUROOHG￿ WHPSHUDWXUH￿￿ UHODWLYH￿ KXPLGLW\￿ DQG￿
OLJKWLQJ￿LQ￿D￿FOLPDWH￿FKDPEHU￿DW￿WKH￿'HSDUWPHQW￿RI￿FURS￿6FLHQFH￿￿6/8￿￿$UDELGRSVLV￿
WKDOLDQD￿SODQWV￿RI￿WKH￿&ROXPELD￿2￿HFRW\SH￿XVHG￿LQ￿SDUW￿RI￿WKH￿VWXG\￿ZHUH￿DOVR￿
JURZQ￿XQGHU￿FRQWUROOHG￿FRQGLWLRQV￿￿
2LO￿FRQWHQW￿DQG￿IDWW\￿DFLG￿DQDO\VLV￿
)LHOG￿ HYDOXDWLRQ￿ RI￿ WKH￿ VHVDPH￿ JHUPSODVP￿ ZDV￿ LQLWLDWHG￿ LQ￿ WKH￿ \HDU￿ ￿￿￿￿￿ LQ￿
:HVWHUQ￿.HQ\D￿DQG￿UHSHDWHG￿\HDUO\￿XS￿WR￿￿￿￿￿￿￿6HHGV￿KDUYHVWHG￿IURP￿WKH￿ILHOG￿
H[SHULPHQWV￿ ZHUH￿ DQDO\VHG￿ E\￿ JDV￿ OLTXLG￿ FKURPDWRJUDSK\￿ WR￿ GHWHUPLQH￿ WKH￿ RLO￿
FRQWHQW￿DQG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿￿DQG￿UHVXOWV￿IRU￿WKH￿YDULRXV￿DFFHVVLRQV￿FRPSDUHG￿
RYHU￿WKH￿WKUHH￿\HDU￿SHULRG￿￿3DSHU￿,￿￿￿￿
￿￿￿ ￿ ￿
,Q￿YLWUR￿UHJHQHUDWLRQ￿
6HVDPH￿UHJHQHUDWLRQ￿H[SHULPHQWV￿DUH￿GHVFULEHG￿LQ￿GHWDLO￿LQ￿SDSHU￿,,￿￿)RXU￿VHSDUDWH￿
H[SHULPHQWV￿ZHUH￿FDUULHG￿RXW￿WR￿RSWLPL]H￿FRQGLWLRQV￿IRU￿UHJHQHUDWLRQ￿RI￿VHVDPH￿
IURP￿FDOOXV￿￿,QLWLDOO\￿￿WKH￿ZRUNLQJ￿KRUPRQH￿FRQFHQWUDWLRQ￿UDQJH￿ZDV￿HVWDEOLVKHG￿IRU￿
FRW\OHGRQ￿H[SODQWV￿XVLQJ￿Ú06￿EDVDO￿PHGLXP￿ZLWK￿￿￿￿￿Z￿Y￿￿VXFURVH￿￿7KHUHDIWHU￿￿
YDULRXV￿FRPELQDWLRQV￿RI￿PRGLILHG￿0XUDVKLJH￿￿￿6NRRJ￿￿￿￿￿￿￿￿EDVDO￿PHGLXP￿ZLWK￿
1￿￿ RU￿ Ú06￿ PDFURQXWULHQWV￿ DQG￿ SODQW￿ JURZWK￿ KRUPRQHV￿ ZHUH￿ WHVWHG￿ IRU￿
UHJHQHUDWLRQ￿IURP￿FRW\OHGRQ￿DQG￿K\SRFRW\OV￿H[SODQWV￿￿$IWHU￿LGHQWLI\LQJ￿WKH￿EHWWHU￿
EDVDO￿PHGLXP￿￿WKH￿PRVW￿SURPLVLQJ￿KRUPRQH￿FRPELQDWLRQV￿ZHUH￿IXUWKHU￿WHVWHG￿WR￿
VHOHFW￿WKH￿RSWLPXP￿￿7KH￿RSWLPL]HG￿FRQGLWLRQV￿ZHUH￿XVHG￿IRU￿FRPSDULVRQ￿RI￿HLJKW￿
FXOWLYDUV￿IRU￿WKHLU￿SRWHQWLDO￿WR￿UHJHQHUDWH￿VKRRWV￿￿
(IIHFW￿RI￿VXFURVH￿FRQFHQWUDWLRQ￿RQ￿VKRRW￿UHJHQHUDWLRQ￿￿
,Q￿ RQH￿ RI￿ WKH￿ UHJHQHUDWLRQ￿ H[SHULPHQWV￿ FRQGXFWHG￿￿ WKH￿ HIIHFW￿ RI￿ VXFURVH￿
FRQFHQWUDWLRQ￿RQ￿FDOOXV￿LQGXFWLRQ￿DQG￿VKRRW￿IRUPDWLRQ￿IURP￿FRW\OHGRQ￿H[SODQWV￿ZDV￿
H[DPLQHG￿￿ 7KH￿ FXOWXUH￿ PHGLXP￿ FRPSULVHG￿ 06￿ EDVDO￿ PHGLXP￿ FRQWDLQLQJ￿ 1￿￿
PDFURQXWULHQWV￿ZLWK￿￿￿￿ó0￿RI￿F\WRNLQLQ￿￿￿￿￿ó0￿7'=￿RU￿￿￿￿ó0￿7'=￿￿￿￿￿￿ó0￿
%$￿￿DQG￿￿￿ó0￿,$$￿LQ￿FRPELQDWLRQ￿ZLWK￿￿￿￿￿￿￿￿￿￿￿￿RU￿￿￿￿￿￿Z￿Y￿￿VXFURVH￿￿([SODQWV￿
ZHUH￿SUHSDUHG￿DQG￿FXOWXUHG￿DV￿GHVFULEHG￿LQ￿SDSHU￿,,￿￿
$QDWRPLFDO￿VWXGLHV￿RQ￿WLVVXH￿FXOWXUHG￿PDWHULDO￿
&XOWXUHV￿DW￿GLIIHUHQW￿VWDJHV￿RI￿GHYHORSPHQW￿ZHUH￿VDPSOHG￿IRU￿DQDWRPLFDO￿VWXG\￿WR￿
DVFHUWDLQ￿ WKH￿ RULJLQ￿ RI￿ WKH￿ UHJHQHUDWLQJ￿ VKRRWV￿￿ 7KH￿ FXOWXUHV￿ ZHUH￿ IL[HG￿ LQ￿ ￿￿￿
SDUDIRUPDOGHK\GH￿LQ￿SKRVSKDWH￿EXIIHU￿VDOLQH￿￿S+￿￿￿￿￿￿IRU￿￿￿KRXUV￿￿7KH￿PDWHULDO￿
ZDV￿GHK\GUDWHG￿LQ￿DQ￿HWKDQRO￿[\OHQH￿VHULHV￿DQG￿WKHUHDIWHU￿HPEHGGHG￿LQ￿KLVWRORJLFDO￿
ZD[￿￿6HFWLRQV￿RI￿￿￿ó￿WKLFNQHVV￿ZHUH￿PDGH￿XVLQJ￿D￿URWDU\￿PLFURWRPH￿ILWWHG￿ZLWK￿D￿
UD]RU￿EODGH￿￿7KH￿VHFWLRQV￿ZHUH￿PRXQWHG￿RQWR￿VOLGHV￿GHZD[HG￿DQG￿UHK\GUDWHG￿LQ￿D￿
[\OHQH￿HWKDQRO￿ VHULHV￿￿ WKHQ￿ VWDLQHG￿ ZLWK￿ ￿￿￿￿￿ 7ROXLGLQH￿ %OXH￿￿ 7KH￿ VOLGHV￿ ZHUH￿
YLHZHG￿XQGHU￿D￿OLJKW￿PLFURVFRSH￿DQG￿SKRWRJUDSKHG￿￿
)ORUDO￿WUDQVIRUPDWLRQ￿
7KH￿SRWHQWLDO￿XVH￿RI￿IORUDO￿WUDQVIRUPDWLRQ￿RQ￿VHVDPH￿ZDV￿LQYHVWLJDWHG￿XVLQJ￿WKH￿
137￿,,￿PDUNHU￿DQG￿(*)3￿UHSRUWHU￿JHQHV￿￿7KH￿ELQDU\￿YHFWRU￿FDUU\LQJ￿WKH￿JHQHV￿ZDV￿
WUDQVIRUPHG￿LQWR￿WKUHH￿VWUDLQV￿RI￿$￿￿WXPHIDFLHQV￿￿7UDQVIRUPDWLRQ￿ZDV￿DFKLHYHG￿E\￿
IORUDO￿ GLS￿ ￿3DSHU￿ ,,,￿￿￿ SROOHQ￿ LQILOWUDWLRQ￿ RU￿ RQH￿ RI￿ WZR￿ DSSURDFKHV￿ WR￿ WKH￿
$JUREDFWHULXP￿VXVSHQVLRQ￿GURS￿PHWKRG￿GHVFULEHG￿LQ￿GHWDLO￿EHORZ￿￿
,Q￿ WKH￿ IORUDO￿ GLS￿ WUDQVIRUPDWLRQ￿ PHWKRG￿ WKH￿ LQIOXHQFH￿ RI￿ IORZHU￿ EXG￿ DJH￿￿
VXUIDFWDQW￿ FRQFHQWUDWLRQ￿ DQG￿ EDFWHULDO￿ VWUDLQ￿ ZHUH￿ LQYHVWLJDWHG￿￿ ,Q￿ HDFK￿ RI￿ WKH￿
PHWKRGV￿WHVWHG￿￿VHHGV￿KDUYHVWHG￿IURP￿LQRFXODWHG￿VHVDPH￿SODQWV￿ZHUH￿VFUHHQHG￿IRU￿
WUDQVIRUPDQWV￿RQ￿VHOHFWLRQ￿PHGLXP￿FRQWDLQLQJ￿D￿SUHYLRXVO\￿GHWHUPLQHG￿DPRXQW￿RI￿
NDQDP\FLQ￿ ￿￿￿￿ PJ￿/￿￿￿ 7UDQVIRUPDWLRQ￿ ZDV￿ FRQILUPHG￿ E\￿ WKH￿ SRO\PHUDVH￿ FKDLQ￿
UHDFWLRQ￿￿3&5￿￿DQG￿PLFURVFRSLF￿YLVXDOL]DWLRQ￿RI￿(*)3￿H[SUHVVLRQ￿￿7UDQVIRUPDQWV￿
ZHUH￿DQDO\VHG￿XS￿WR￿WKH￿VHFRQG￿JHQHUDWLRQ￿WR￿DVFHUWDLQ￿VWDEOH￿WUDQVPLVVLRQ￿RI￿WKH￿
LQWURGXFHG￿JHQHV￿￿￿ ￿￿￿
$OWHUQDWLYH￿PHWKRGV￿RI￿IORUDO￿WUDQVIRUPDWLRQ￿￿WR￿IORUDO￿GLS￿ZHUH￿DOVR￿WHVWHG￿￿7KUHH￿
FXOWLYDUV￿RI￿VHVDPH￿QDPHO\￿￿0WZDUD￿￿￿￿0F%ODFN￿DQG￿0F:KLWH￿ZHUH￿XVHG￿LQ￿WKH￿
IORUDO￿ WUDQVIRUPDWLRQ￿ H[SHULPHQWV￿ LQYROYLQJ￿ WKUHH￿ DOWHUQDWLYH￿ DSSURDFKHV￿ WR￿
LQRFXODWLRQ￿ RI￿ PDWXUH￿ IORZHUV￿￿ 7KH￿ HIIHFW￿ RI￿ $JUREDFWHULXP￿ VWUDLQ￿ RQ￿ IORUDO￿
WUDQVIRUPDWLRQ￿ZDV￿WHVWHG￿XVLQJ￿WKH￿WKUHH￿VWUDLQV￿￿(+$￿￿￿￿￿￿*9￿￿￿￿￿DQG￿*9￿￿￿￿￿￿
7HQ￿PLOOLOLWUH￿FXOWXUHV￿RI￿WKH￿EDFWHULD￿ZHUH￿JURZQ￿LQ￿/%￿￿6DPEURRN￿￿)ULWVFK￿￿￿
0DQLDWLV￿￿ ￿￿￿￿￿￿ IRU￿ RQH￿ GD\￿￿ WKHQ￿ WKH￿ /%￿ UHSODFHG￿ ZLWK￿ *<3&￿ PHGLXP￿
￿7MRNURNXVXPR￿￿+HLQULFK￿￿￿:\OLH￿￿￿￿￿￿￿￿DQG￿WKH￿FXOWXUHV￿JURZQ￿IRU￿D￿VHFRQG￿GD\￿￿
%DFWHULDO￿FXOWXUH￿PHGLXP￿FRQWDLQHG￿DQWLELRWLFV￿DV￿LQ￿WKH￿IORUDO￿GLS￿VWXG\￿￿3DSHU￿,,,￿￿￿
2QH￿PLOOLOLWUH￿EDWFKHV￿RI￿WKH￿FXOWXUH￿ZHUH￿FHQWULIXJHG￿DW￿￿￿￿￿￿￿￿UHYROXWLRQV￿SHU￿
PLQXWH￿ IRU￿ ￿￿ PLQXWHV￿ WR￿ SHOOHW￿ WKH￿ $JUREDFWHULXP￿￿ )RU￿ SROOHQ￿ LQILOWUDWLRQ￿￿ WKH￿
$JUREDFWHULXP￿SHOOHW￿ZDV￿UHVXVSHQGHG￿LQ￿￿￿PO￿RI￿WKH￿SROOHQ￿JHUPLQDWLRQ￿PHGLXP￿
RI￿3IDKOHU￿￿3HUHLUD￿￿￿%DUQHW￿￿￿￿￿￿￿￿￿FRQWDLQLQJ￿DERXW￿￿￿￿PJ￿RI￿IUHVK￿SROOHQ￿DQG￿
YDFXXP￿LQILOWUDWHG￿LPPHGLDWHO\￿IRU￿￿￿￿PLQXWHV￿DW￿￿￿￿￿3D￿￿3UHVVXUH￿ZDV￿UHOHDVHG￿
VORZO\￿DQG￿WKH￿VXVSHQVLRQ￿FHQWULIXJHG￿DV￿EHIRUH￿￿7KH￿SHOOHW￿ZDV￿WKHQ￿DSSOLHG￿WR￿
VWLJPDV￿RI￿IORZHUV￿WKDW￿KDG￿EHHQ￿HPDVFXODWHG￿EHIRUH￿￿,Q￿WKH￿RWKHU￿WZR￿LQRFXODWLRQ￿
PHWKRGV￿￿WKH￿EDFWHULDO￿SHOOHW￿ZDV￿ZDVKHG￿RQFH￿LQ￿WKH￿IORUDO￿GLS￿PHGLXP￿￿3DSHU￿,,,￿￿
LQVWHDG￿RI￿WKH￿SROOHQ￿JHUPLQDWLRQ￿PHGLXP￿￿7KH￿EDFWHULDO￿SHOOHW￿ZDV￿WKHQ￿DSSOLHG￿WR￿
VWLJPDV￿ RI￿ HPDVFXODWHG￿ IORZHUV￿ EHIRUH￿ SROOLQDWLRQ￿ ZLWK￿ IUHVKO\￿ FROOHFWHG￿￿ QRQ￿
LQILOWUDWHG￿SROOHQ￿￿$OWHUQDWLYHO\￿￿WKH￿SHOOHW￿ZDV￿DSSOLHG￿WR￿VWLJPDV￿RI￿IORZHUV￿WKDW￿
KDG￿VHOI￿SROOLQDWHG￿HDUO\￿LQ￿WKH￿GD\￿RI￿LQRFXODWLRQ￿￿SROOLQDWLRQ￿EHIRUH￿LQRFXODWLRQ￿￿￿￿
&ORQLQJ￿DQG￿FKDUDFWHULVDWLRQ￿RI￿)$'￿￿
3&5￿EDVHG￿FORQLQJ￿ZDV￿XVHG￿WR￿LVRODWH￿D￿IXOO￿OHQJWK￿F'1$￿HQFRGLQJ￿ ￿￿￿ROHDWH￿
GHVDWXUDVH￿IURP￿GHYHORSLQJ￿VHVDPH￿VHHGV￿￿3DSHU￿,9￿￿￿5HYHUVH￿WUDQVFULSWDVH￿3&5￿
ZDV￿SHUIRUPHG￿XVLQJ￿JHQH￿VSHFLILF￿SULPHUV￿￿$￿SODQW￿H[SUHVVLRQ￿FDVVHWWH￿EHDULQJ￿WKH￿
F'1$￿ZDV￿FRQVWUXFWHG￿DQG￿WUDQVIRUPHG￿LQWR￿$￿￿WXPHIDFLHQV￿VWUDLQ￿*9￿￿￿￿￿IRU￿
WUDQVIRUPDWLRQ￿RI￿YDULRXV￿$￿￿WKDOLDQD￿SODQW￿OLQHV￿￿7KH￿VHHGV￿RI￿WUDQVIRUPDQWV￿ZDV￿
DQDO\VHG￿E\￿JDV￿OLTXLG￿FKURPDWRJUDSK\￿WR￿HYDOXDWH￿WKH￿HIIHFW￿RI￿WKH￿LQWURGXFHG￿
JHQH￿IURP￿VHVDPH￿RQ￿WKH￿IDWW\￿DFLG￿FRPSRVLWLRQ￿RI￿WUDQVJHQLF￿$￿￿WKDOLDQD￿￿DQG￿LQ￿
WKDW￿ZD\￿FRQILUP￿LWV￿IXQFWLRQ￿LQ￿IDWW\￿DFLG￿V\QWKHVLV￿￿
6XPPDU\￿RI￿UHVXOWV￿DQG￿GLVFXVVLRQ￿
2LO￿FRQWHQW￿DQG￿)DWW\￿DFLG￿FRPSRVLWLRQ￿￿
*HQHWLF￿YDULDELOLW\￿IRU￿RLO￿FRQWHQW￿DQG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿LQ￿VHVDPH￿LV￿ZHOO￿
GRFXPHQWHG￿￿<HUPDQRV￿HW￿DO￿￿￿￿￿￿￿￿￿$VKUL￿￿￿￿￿￿￿￿%D\GDU￿￿7XUJXW￿￿￿7XUJXW￿￿￿￿￿￿￿￿￿
+RZHYHU￿￿ZKHUHDV￿WKH￿RLO￿FRQWHQW￿YDULHV￿ZLGHO\￿￿￿￿￿￿￿￿￿￿DPRQJ￿FXOWLYDUV￿￿WKHUH￿LV￿
OHVV￿GLYHUVLW\￿IRU￿WKH￿IDWW\￿DFLG￿FRPSRVLWLRQ￿HYHQ￿DW￿WKH￿JHQXV￿OHYHO￿￿,W￿ZRXOG￿EH￿
XVHIXO￿WR￿KDYH￿XQLTXH￿FXOWLYDUV￿ZLWK￿HLWKHU￿KLJK￿ROHLF￿RU￿OLQROHLF￿DFLG￿￿EXW￿WKLV￿DUH￿
YHU\￿UDUH￿￿,Q￿IDFW￿￿PXWDQWV￿IRU￿KLJK￿ROHLF￿DFLG￿KDYH￿QRW￿EHHQ￿UHSRUWHG￿￿*HUPSODVP￿
VFUHHQLQJ￿KDV￿RFFDVLRQDOO\￿XQYHLOHG￿VXFK￿QDWXUDOO\￿RFFXUULQJ￿PXWDWLRQV￿LQ￿RWKHU￿RLO￿
FURSV￿ ￿%XUWRQ￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿ 5RMDV￿%DUURV￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿￿ $OWKRXJK￿ PDQ\￿ GLYHUVH￿
FXOWLYDUV￿RI￿VHVDPH￿DUH￿JURZQ￿LQ￿(DVW￿$IULFD￿￿LQIRUPDWLRQ￿RQ￿WKHLU￿RLO￿FRQWHQW￿DQG￿￿￿ ￿ ￿
FRPSRVLWLRQ￿ LV￿ OLPLWHG￿￿ 6WDEOH￿ RLO￿UHODWHG￿ SKHQRW\SHV￿ DUH￿ YDOXDEOH￿ ERWK￿ LQ￿
FRPPHUFLDO￿ SURGXFWLRQ￿ DQG￿ YDULHW\￿ GHYHORSPHQW￿￿ 7KHUHIRUH￿￿ WKLV￿ VWXG\￿ ZDV￿
FRQGXFWHG￿WR￿LGHQWLI\￿DFFHVVLRQV￿KDYLQJ￿LQKHUHQWO\￿KLJK￿RLO￿FRQWHQW￿DQG￿XQLTXH￿IDWW\￿
DFLG￿ SURILOHV￿ WKDW￿ FRXOG￿ EH￿ FRQVLGHUHG￿ IRU￿ LQFRUSRUDWLRQ￿ LQWR￿ VHVDPH￿ EUHHGLQJ￿
SURJUDPV￿LQ￿WKH￿UHJLRQ￿￿3DSHU￿,￿￿￿
,QLWLDOO\￿ D￿ PHWKRG￿ IRU￿ VLPXOWDQHRXV￿ H[WUDFWLRQ￿ RI￿ RLO￿ IURP￿ LQWDFW￿ VHHGV￿ DQG￿
PHWK\ODWLRQ￿RI￿WKH￿IDWW\￿DFLGV￿ZDV￿VWDQGDUGLVHG￿XVLQJ￿WZR￿DFFHVVLRQV￿UHSUHVHQWLQJ￿
EODFN￿ DQG￿ ZKLWH￿ VHHGHG￿ W\SHV￿￿ 6RDNLQJ￿ VHHG￿ VDPSOHV￿ RYHUQLJKW￿ LQ￿ PHWK\ODWLQJ￿
UHDJHQW￿IROORZHG￿E\￿KHDWLQJ￿DW￿￿￿
R&￿IRU￿￿￿￿RU￿￿￿￿￿PLQXWHV￿JDYH￿FRPSDUDEOH￿RLO￿
FRQWHQW￿LQ￿ERWK￿DFFHVVLRQV￿￿ZLWK￿D￿GLIIHUHQFH￿RI￿DERXW￿￿￿￿EHWZHHQ￿WKH￿WZR￿WLPH￿
SRLQWV￿￿0HWK\ODWLRQ￿IRU￿￿￿￿PLQXWHV￿ZDV￿FRQVLGHUHG￿FRPSOHWH￿DQG￿WKHUHIRUH￿DGRSWHG￿
IRU￿VXEVHTXHQW￿DQDO\VHV￿￿
7KH￿WKLUW\￿DFFHVVLRQV￿RI￿VHVDPH￿GLIIHUHG￿LQ￿RLO￿FRQWHQW￿LQ￿DOO￿\HDUV￿UHJLVWHULQJ￿
PHDQ￿YDOXHV￿EHWZHHQ￿￿￿￿￿￿￿￿6WHZD￿LQ￿￿￿￿￿￿￿DQG￿￿￿￿￿￿8J￿￿LQ￿￿￿￿￿￿￿￿<HDU￿WR￿\HDU￿
YDULDWLRQ￿ZDV￿SUHYDOHQW￿ZLWKLQ￿DFFHVVLRQV￿EXW￿D￿IHZ￿LQFOXGLQJ￿0RURJRUR￿￿0DMHQJR￿￿
8J￿￿DQG￿8J￿￿KDG￿UHODWLYHO\￿FRQVLVWHQW￿RLO￿FRQWHQW￿￿7KH￿RLO￿FRQWHQW￿ZDV￿KLJKHVW￿LQ￿
￿￿￿￿￿ IRU￿ PRVW￿ DFFHVVLRQV￿￿ 7KHVH￿ UHVXOWV￿ KDYH￿ UHYHDOHG￿ WKDW￿ WKHUH￿ LV￿ VXIILFLHQW￿
GLYHUVLW\￿IRU￿RLO￿FRQWHQW￿LQ￿VHVDPH￿IURP￿(DVW￿$IULFD￿￿$OWKRXJK￿VXSHULRU￿DFFHVVLRQV￿
ZLWK￿RLO￿FRQWHQW￿DERYH￿￿￿￿￿ZHUH￿QRW￿HQFRXQWHUHG￿￿WKH\￿ZRXOG￿SUREDEO\￿EH￿IRXQG￿LI￿
D￿ ODUJHU￿ FROOHFWLRQ￿ LV￿ VFUHHQHG￿￿ 7KH￿ DFFHVVLRQV￿ ZKLFK￿ H[KLELWHG￿ ORZ￿ YDULDELOLW\￿
DFURVV￿WKH￿\HDUV￿WRJHWKHU￿ZLWK￿WKRVH￿VKRZLQJ￿SRWHQWLDO￿IRU￿KLJK￿RLO￿\LHOG￿ZLOO￿EH￿
YDOXDEOH￿LQ￿WKH￿GHYHORSPHQW￿RI￿LPSURYHG￿FXOWLYDUV￿IRU￿WKH￿WUDLW￿￿
7KH￿DFFHVVLRQV￿KDG￿D￿VLPLODU￿IDWW\￿DFLG￿SDWWHUQ￿EXW￿GLIIHUHG￿LQ￿WKH￿TXDQWLW\￿RI￿
LQGLYLGXDO￿IDWW\￿DFLGV￿￿/LQROHLF￿DFLG￿ZDV￿WKH￿PDLQ￿IDWW\￿DFLG￿ZLWK￿UDQJH￿YDOXHV￿RI￿
￿￿￿￿￿￿￿￿￿￿ IROORZHG￿ E\￿ ROHLF￿ ￿￿￿￿￿￿￿￿￿￿￿￿ SDOPLWLF￿ ￿￿￿￿￿￿￿￿￿￿￿ DQG￿ VWHDULF￿ ￿￿￿￿￿
￿￿￿￿￿￿ DFLGV￿￿ 0LQRU￿ FRPSRQHQWV￿ LQFOXGHG￿ OLQROHQLF￿ ￿￿￿￿￿￿￿￿ DUDFKLGLF￿ ￿￿￿￿￿￿￿￿
HLFRVHQRLF￿￿￿￿￿￿￿DQG￿WUDFHV￿RI￿SDOPLWROHLF￿￿EHKHQLF￿DQG￿HUXFLF￿DFLGV￿￿7KHVH￿UHVXOWV￿
DUH￿VLPLODU￿WR￿WKRVH￿DOUHDG\￿GRFXPHQWHG￿￿.DPDO￿(OGLQ￿HW￿DO￿￿￿￿￿￿￿￿￿$VKUL￿￿￿￿￿￿￿￿￿
&RPSDULVRQ￿RI￿WKH￿DFFHVVLRQV￿EDVHG￿RQ￿WKH￿YDULDELOLW\￿LQ￿ROHLF￿DQG￿OLQROHLF￿DFLGV￿
RYHU￿WKH￿\HDUV￿VKRZHG￿WKDW￿$KHUR￿￿￿￿￿,QGLDQ￿￿%XVLD￿￿%XPDOD￿DQG￿/XQJDOXQJD￿KDG￿D￿
VWDEOH￿FRPSRVLWLRQ￿￿,Q￿FRQWUDVW￿￿7DQ￿￿￿￿8J￿￿DQG￿0DMHQJR￿YDULHG￿D￿ORW￿LQ￿WKH￿ROHLF￿
DQG￿OLQROHLF￿DFLG￿FRQWHQW￿￿6HYHUDO￿DFFHVVLRQV￿KDG￿UHODWLYHO\￿KLJK￿OLQROHLF￿DFLG￿￿!￿
￿￿￿￿￿￿7KHVH￿DFFHVVLRQV￿￿ZKLFK￿ZHUH￿UHODWLYHO\￿GLVVLPLODU￿IURP￿WKH￿UHVW￿￿FRXOG￿EH￿
XVHIXO￿IRU￿EUHHGLQJ￿FXOWLYDUV￿ZLWK￿LPSURYHG￿RLO￿TXDOLW\￿XSRQ￿IXUWKHU￿HYDOXDWLRQ￿DQG￿
VHOHFWLRQ￿￿+RZHYHU￿￿WKH￿SUHVHQW￿PDWHULDO￿ODFNV￿YDULDWLRQ￿WKDW￿ZRXOG￿EH￿XVHIXO￿IRU￿
EUHHGLQJ￿KLJK￿ROHLF￿VHVDPH￿DQG￿WKHUHIRUH￿WKHUH￿UHPDLQV￿QHHG￿WR￿LQWURGXFH￿VXFK￿
YDULDWLRQ￿￿￿
2LO￿FRQWHQW￿FRUUHODWHG￿SRVLWLYHO\￿ZLWK￿VWHDULF￿DQG￿ROHLF￿DFLGV￿DQG￿QHJDWLYHO\￿ZLWK￿
SDOPLWLF￿DQG￿OLQROHLF￿DFLGV￿￿6LPLODU￿UHODWLRQVKLSV￿KDYH￿EHHQ￿UHSRUWHG￿LQ￿RWKHU￿RLO￿
FURSV￿ ￿+ROODQG￿￿ )UH\￿ ￿￿ +DPPRQG￿￿ ￿￿￿￿￿￿ 0|OOHUV￿ ￿￿ 6FKLHUKROW￿￿ ￿￿￿￿￿￿￿ 7KHVH￿
ILQGLQJV￿LQGLFDWH￿WKDW￿LW￿PD\￿EH￿SRVVLEOH￿WR￿VHOHFW￿IRU￿KLJK￿RLO￿FRQWHQW￿FRQFXUUHQWO\￿
ZLWK￿ KLJK￿ VWHDULF￿ DQG￿ ROHLF￿ DFLGV￿￿ 7KH￿XWLOLW\￿RI￿WKHVH￿UHODWLRQVKLSV￿LQ￿EUHHGLQJ￿
VKRXOG￿KRZHYHU￿EH￿HVWDEOLVKHG￿WKURXJK￿IXUWKHU￿LQYHVWLJDWLRQ￿￿￿ ￿￿￿
&RUUHODWLRQV￿ ZHUH￿ DOVR￿ REVHUYHG￿ DPRQJ￿ WKH￿ IDWW\￿ DFLGV￿￿ 3DOPLWLF￿ DQG￿ OLQROHLF￿
DFLGV￿ZHUH￿QHJDWLYHO\￿FRUUHODWHG￿ZLWK￿ERWK￿VWHDULF￿DQG￿ROHLF￿DFLGV￿￿6WHDULF￿DQG￿ROHLF￿
DFLGV￿ZHUH￿SRVLWLYHO\￿FRUUHODWHG￿WR￿HDFK￿RWKHU￿ZKLOH￿ROHLF￿DQG￿OLQROHLF￿DFLGV￿KDG￿D￿
QHJDWLYH￿FRUUHODWLRQ￿￿)ODJHOOD￿HW￿DO￿￿￿￿￿￿￿￿￿IRXQG￿VLPLODU￿UHODWLRQVKLSV￿DPRQJ￿WKH￿
IDWW\￿DFLGV￿LQ￿VXQIORZHU￿￿7KHVH￿UHVXOWV￿UHIOHFW￿WKH￿OLQN￿EHWZHHQ￿WKH￿GLIIHUHQW￿IDWW\￿
DFLGV￿LQ￿WKHLU￿V\QWKHWLF￿SDWKZD\￿￿2KOURJJH￿￿￿%URZVH￿￿￿￿￿￿￿￿￿￿
,Q￿WKLV￿VWXG\￿￿VHYHUDO￿JHQRW\SHV￿RI￿VHVDPH￿QDPHO\￿￿8J￿￿￿0DMHQJR￿￿0RURJRUR￿￿
8J￿￿￿$KHUR￿￿￿￿￿,QGLDQ￿￿%XVLD￿￿%XPDOD￿￿/XQJDOXQJD￿￿7DQ￿￿￿DQG￿8J￿￿￿KDYH￿EHHQ￿
LGHQWLILHG￿DV￿KDYLQJ￿SRWHQWLDO￿IRU￿XVH￿LQ￿EUHHGLQJ￿IRU￿DOWHUHG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿
DQG￿KLJK￿RLO￿FRQWHQW￿LQ￿VHVDPH￿￿+RZHYHU￿￿WKH￿DFFHVVLRQV￿ZLOO￿QHHG￿WR￿EH￿HYDOXDWHG￿
IXUWKHU￿IRU￿HQYLURQPHQWDO￿HIIHFWV￿RQ￿VHHG￿FRPSRVLWLRQ￿EHIRUH￿WKH\￿FDQ￿EH￿XVHG￿LQ￿
EUHHGLQJ￿SURJUDPV￿￿
,Q￿YLWUR￿UHJHQHUDWLRQ￿
6HVDPH￿LV￿GLIILFXOW￿WR￿UHJHQHUDWH￿WKURXJK￿WLVVXH￿FXOWXUH￿￿+RZHYHU￿￿WKHUH￿LV￿VRPH￿
SURJUHVV￿LQ￿GHYHORSLQJ￿SURFHGXUHV￿IRU￿UHJHQHUDWLRQ￿RI￿DGYHQWLWLRXV￿VKRRWV￿￿5DR￿￿￿
9DLG\DQDWK￿￿￿￿￿￿￿￿7D˙NLQ￿￿￿7XUJXW￿￿￿￿￿￿￿￿<RXQJKHH￿￿￿￿￿￿￿￿EXW￿HIILFLHQW￿V\VWHPV￿
DUH￿VWLOO￿ODFNLQJ￿￿7KH￿RFFXUUHQFH￿RI￿VWURQJ￿JHQRW\SLF￿GLIIHUHQFHV￿LQ￿UHJHQHUDWLRQ￿
FDSDFLW\￿OLPLWV￿WKH￿XVH￿RI￿DOUHDG\￿HVWDEOLVKHG￿PHWKRGV￿WR￿RQO\￿D￿IHZ￿FXOWLYDUV￿￿,Q￿
YLWUR￿UHJHQHUDWLRQ￿RI￿VHVDPH￿FXOWLYDUV￿IURP￿.HQ\D￿DQG￿(DVW￿$IULFD￿DV￿D￿ZKROH￿LV￿QRW￿
GRFXPHQWHG￿￿$￿UHOLDEOH￿UHJHQHUDWLRQ￿SURWRFRO￿LV￿UHTXLUHG￿IRU￿WKH￿GHYHORSPHQW￿RI￿
WLVVXH￿FXOWXUH￿GHSHQGHQW￿WUDQVIRUPDWLRQ￿RI￿WKH￿FURS￿￿,Q￿WKLV￿VWXG\￿VRPH￿IDFWRUV￿WKDW￿
LQIOXHQFH￿ DGYHQWLWLRXV￿ VKRRW￿ UHJHQHUDWLRQ￿ ZHUH￿ LQYHVWLJDWHG￿ ￿3DSHU￿ ,,￿￿￿ 7KHVH￿
LQFOXGHG￿ PDFURQXWULHQWV￿￿ H[SODQW￿ W\SH￿￿ SODQW￿ JURZWK￿ UHJXODWRUV￿￿ VXFURVH￿
FRQFHQWUDWLRQ￿DQG￿JHQRW\SH￿￿7KH￿VWXG\￿DLPHG￿DW￿RSWLPLVLQJ￿FRQGLWLRQV￿IRU￿VKRRW￿
UHJHQHUDWLRQ￿IURP￿VHOHFWHG￿VHVDPH￿JHQRW\SHV￿￿
5HVXOWV￿VKRZHG￿VLJQLILFDQW￿LQWHUDFWLRQ￿EHWZHHQ￿PDFURQXWULHQWV￿￿H[SODQW￿W\SH￿DQG￿
KRUPRQH￿ FRPELQDWLRQV￿ IRU￿ VKRRW￿ DQG￿ URRW￿ UHJHQHUDWLRQ￿￿ ,Q￿ WKH￿ SUHVHQFH￿ RI￿
KRUPRQHV￿￿PRGLILHG￿06￿PHGLXP￿FRQWDLQLQJ￿1￿￿PDFURQXWULHQWV￿JDYH￿EHWWHU￿VKRRW￿
IRUPDWLRQ￿DQG￿UHGXFHG￿WKH￿WHQGHQF\￿WR￿UHJHQHUDWH￿URRWV￿FRPSDUHG￿WR￿PHGLXP￿ZLWK￿
Ú06￿ PDFURQXWULHQWV￿￿ 9DULDWLRQ￿ LQ￿ UHJHQHUDWLRQ￿ UHVSRQVH￿ WR￿ GLIIHUHQW￿ FXOWXUH￿
PHGLXP￿KDV￿EHHQ￿SUHYLRXVO\￿GHPRQVWUDWHG￿LQ￿VHVDPH￿￿5DR￿￿￿9DLG\DQDWK￿￿￿￿￿￿￿￿￿
7KH￿PDLQ￿GLIIHUHQFH￿EHWZHHQ￿1￿￿DQG￿Ú06￿LV￿WKH￿QLWUDWH￿WR￿DPPRQLXP￿UDWLR￿￿￿￿￿￿
DQG￿￿￿￿￿UHVSHFWLYHO\￿￿￿+LJK￿QLWUDWH￿WR￿DPPRQLXP￿UDWLR￿FRXOG￿SURPRWH￿LQ￿YLWUR￿VKRRW￿
IRUPDWLRQ￿￿:HODQGHU￿￿￿￿￿￿￿￿5DPDJH￿￿￿:LOOLDPV￿￿￿￿￿￿￿￿DQG￿PLJKW￿DFFRXQW￿IRU￿WKH￿
GLIIHUHQFH￿LQ￿UHJHQHUDWLRQ￿UHVSRQVH￿REVHUYHG￿ZKHQ￿1￿￿DQG￿Ú06￿ZHUH￿FRPSDUHG￿￿
&RW\OHGRQ￿H[SODQWV￿SURGXFHG￿VKRRWV￿IURP￿FDOOXV￿RULJLQDWLQJ￿IURP￿HSLGHUPDO￿DQG￿
VXE￿HSLGHUPDO￿ FHOO￿ OD\HUV￿ DW￿ WKH￿ EDVDO￿ SDUW￿ RI￿ WKH￿ H[SODQWV￿ ￿)LJ￿￿ ￿￿￿￿ +\SRFRW\O￿
H[SODQWV￿ GLG￿ QRW￿ UHJHQHUDWH￿ DQ\￿ VKRRWV￿ EXW￿ IRUPHG￿ FDOOXV￿ DQG￿ URRWV￿￿ 6KRRW￿
UHJHQHUDWLRQ￿KDV￿EHHQ￿DFKLHYHG￿DW￿YHU\￿ORZ￿IUHTXHQF\￿IURP￿ERWK￿FRW\OHGRQV￿DQG￿
K\SRFRW\OV￿EHIRUH￿￿5DR￿￿￿9DLG\DQDWK￿￿￿￿￿￿￿￿<RXQJKHH￿￿￿￿￿￿￿￿￿7KH￿UHDVRQ￿IRU￿WKLV￿
GLVSDULW\￿LV￿XQNQRZQ￿￿EXW￿LW￿FRXOG￿EH￿DV￿D￿UHVXOW￿RI￿GLIIHUHQFHV￿LQ￿FXOWXUH￿FRQGLWLRQV￿
DV￿ZHOO￿DV￿WKH￿JHQRW\SHV￿XVHG￿￿￿￿ ￿ ￿
7KH￿JURZWK￿KRUPRQHV￿WKLGLD]XURQ￿￿7'=￿￿DQG￿LQGROH￿￿￿DFHWLF￿DFLG￿￿,$$￿￿ZHUH￿
VXSHULRU￿WR￿EHQ]\ODGHQLQH￿￿%$￿￿DQG￿QDSKWKDOHQH￿DFHWLF￿DFLG￿￿1$$￿￿￿UHVSHFWLYHO\￿
IRU￿VKRRW￿UHJHQHUDWLRQ￿￿2QO\￿URRWV￿ZHUH￿IRUPHG￿RQ￿UHJHQHUDWLRQ￿PHGLXP￿FRQWDLQLQJ￿
%$￿DQG￿1$$￿￿5HSODFLQJ￿1$$￿ZLWK￿,$$￿UHVXOWHG￿LQ￿VKRRW￿UHJHQHUDWLRQ￿RQ￿PHGLXP￿
ZLWK￿%$￿DQG￿LPSURYHG￿WKH￿UHVSRQVH￿LQ￿WUHDWPHQW￿ZLWK￿7'=￿￿7KH￿EHVW￿KRUPRQH￿
FRPELQDWLRQ￿ZDV￿￿￿￿ 0￿7'=￿DQG￿￿￿￿￿ 0￿,$$￿￿7'=￿LV￿UHSRUWHGO\￿PRUH￿HIIHFWLYH￿
WKDQ￿ %$￿ IRU￿ UHJHQHUDWLRQ￿ LQ￿ PDQ\￿ KHUEDFHRXV￿ SODQWV￿ ￿&DVDQRYD￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿
:LQNHOPDQQ￿￿ .DYLDQL￿ ￿￿ 6HUHN￿￿ ￿￿￿￿￿￿ EXW￿ KDV￿ QRW￿ EHHQ￿ XVHG￿ IRU￿ VHVDPH￿
UHJHQHUDWLRQ￿ EHIRUH￿￿ $FFRUGLQJ￿ WR￿ RXU￿ UHVXOWV￿￿ 7'=￿ LV￿ PRUH￿ VXLWDEOH￿ IRU￿
UHJHQHUDWLRQ￿RI￿WKLV￿FURS￿FRPSDUHG￿WR￿%$￿ZKLFK￿LV￿FRPPRQO\￿XVHG￿￿
￿
￿ ￿
￿
)LJ￿￿￿5HJHQHUDWLRQ￿RI￿VKRRWV￿FRW\OHGRQ￿EDVH￿￿￿D￿￿/RQJLWXGLQDO￿VHFWLRQ￿WKURXJK￿FRW\OHGRQ￿
H[SODQW￿DW￿WKUHH￿ZHHNV￿RI￿FXOWXUH￿￿VKRZLQJ￿FDOOXV￿￿FD￿￿IRUPDWLRQ￿IURP￿WKH￿FXW￿HGJH￿￿FH￿￿￿EDU￿
 ￿￿￿￿￿ P￿￿￿E￿￿6KRRWV￿DW￿WKH￿SUR[LPDO￿HQG￿DIWHU￿￿￿ZHHNV￿RI￿FXOWXUH￿RQ￿UHJHQHUDWLRQ￿PHGLXP￿￿
EDU￿ ￿￿￿PP￿￿
6XFURVH￿ DW￿ ￿￿￿￿￿ ￿Z￿Y￿￿ JDYH￿ WKH￿ KLJKHVW￿ QXPEHU￿ RI￿ VKRRWV￿ SURGXFHG￿ SHU￿
UHVSRQGLQJ￿H[SODQW￿DQG￿UHGXFHG￿WKH￿LQFLGHQFH￿RI￿YLWULILHG￿VKRRWV￿￿6LPLODU￿UHVXOWV￿
KDYH￿EHHQ￿REWDLQHG￿IRU￿PLFURSURSDJDWLRQ￿RI￿VHVDPH￿￿*DQJRSDGK\D\￿￿3RGGDU￿￿￿
*XSWD￿￿ ￿￿￿￿￿￿￿ 6XFURVH￿ LV￿ D￿ FDUERQ￿ VRXUFH￿ EXW￿ DOVR￿ SOD\V￿ D￿ UHJXODWRU\￿ UROH￿ RQ￿
PRUSKRJHQHVLV￿￿*HRUJH￿￿￿￿￿￿￿￿￿
([￿(O￿ZDV￿WKH￿EHVW￿FXOWLYDU￿￿SURGXFLQJ￿￿￿￿￿VKRRWV￿SHU￿UHJHQHUDWHG￿H[SODQW￿DW￿D￿
UHJHQHUDWLRQ￿ IUHTXHQF\￿ RI￿ ￿￿￿￿￿ 7KH￿ ORZHVW￿ UHJHQHUDWLRQ￿ IUHTXHQF\￿ ￿￿￿￿￿￿ DQG￿
QXPEHU￿ RI￿ VKRRWV￿ SURGXFHG￿ SHU￿ H[SODQW￿ ￿￿￿￿￿￿ ZHUH￿ UHFRUGHG￿ IRU￿ 6LD\D￿ DQG￿
0F:KLWH￿￿UHVSHFWLYHO\￿￿&XOWLYDU￿GLIIHUHQFHV￿KDYH￿DOVR￿EHHQ￿UHSRUWHG￿LQ￿SDVW￿VWXGLHV￿
RQ￿VHVDPH￿￿5DR￿￿￿9DLG\DQDWK￿￿￿￿￿￿￿￿￿
,Q￿WKLV￿VWXG\￿ZH￿KDYH￿HVWDEOLVKHG￿D￿UHJHQHUDWLRQ￿SURWRFRO￿IRU￿VHVDPH￿￿:H￿VKRZ￿
WKDW￿HIILFLHQW￿VKRRW￿UHJHQHUDWLRQ￿LQ￿VHVDPH￿FDQ￿EH￿DFKLHYHG￿XVLQJ￿D￿FRPELQDWLRQ￿RI￿
1￿￿PDFURQXWULHQWV￿￿FRW\OHGRQ￿H[SODQWV￿￿7'=￿￿,$$￿DQG￿VXLWDEOH￿JHQRW\SHV￿￿6LQFH￿
WKH￿ UHJHQHUDWLRQ￿ SURFHHGV￿ WKURXJK￿ FDOOXV￿ SKDVH￿￿ WKLV￿ PHWKRG￿ ZLOO￿ EH￿ XVHIXO￿ LQ￿
GHYHORSLQJ￿D￿WLVVXH￿FXOWXUH￿EDVHG￿WUDQVIRUPDWLRQ￿V\VWHP￿IRU￿WKH￿FURS￿￿
￿￿ ￿￿￿
*HQHWLF￿WUDQVIRUPDWLRQ￿￿
7KHUH￿LV￿QHHG￿WR￿GHYHORS￿DQ￿HIILFLHQW￿V\VWHP￿IRU￿JHQH￿GHOLYHU\￿LQWR￿VHVDPH￿￿7KH￿
LQLWLDO￿LGHD￿ZDV￿WR￿GHYHORS￿D￿WLVVXH￿FXOWXUH￿GHSHQGHQW￿WUDQVIRUPDWLRQ￿SURWRFRO￿IRU￿
RXU￿PDWHULDO￿￿+RZHYHU￿￿RXU￿HDUO\￿UHVXOWV￿RQ￿UHJHQHUDWLRQ￿GLG￿QRW￿ORRN￿SURPLVLQJ￿DV￿
WKH￿ IUHTXHQFLHV￿ DFKLHYHG￿ZHUH￿H[WUHPHO\￿ORZ￿￿%HVLGHV￿￿WLVVXH￿FXOWXUH￿GHSHQGHQW￿
WUDQVIRUPDWLRQ￿SURFHGXUHV￿DUH￿XVXDOO\￿WLPH￿FRQVXPLQJ￿￿H[SHQVLYH￿DQG￿UHTXLUH￿D￿ORW￿
RI￿H[SHUWLVH￿￿%HFDXVH￿RI￿WKHVH￿ZH￿HQGHDYRXUHG￿WR￿XVH￿IORUDO￿WUDQVIRUPDWLRQ￿ZKLFK￿LV￿
UHODWLYHO\￿YHUVDWLOH￿WR￿ZRUN￿ZLWK￿DOWKRXJK￿LW￿LV￿QRW￿SUHVHQWO\￿DSSOLFDEOH￿WR￿PDQ\￿
VSHFLHV￿￿$￿QXPEHU￿RI￿DSSURDFKHV￿WR￿IORUDO￿WUDQVIRUPDWLRQ￿KDYH￿EHHQ￿VXFFHVVIXOO\￿
XVHG￿ LQ￿ RWKHU￿ FURSV￿￿ $PRQJ￿ WKHP￿ DUH￿ IORUDO￿ GLS￿ ￿&XUWLV￿ ￿￿ 1DP￿￿ ￿￿￿￿￿￿￿
$JUREDFWHULXP￿ VXVSHQVLRQ￿ GURS￿ ￿7MRNURNXVXPR￿￿ +HLQULFK￿ ￿￿ :\OLH￿￿ ￿￿￿￿￿￿ DQG￿
SROOHQ￿LQILOWUDWLRQ￿￿7MRNURNXVXPR￿￿+HLQULFK￿￿￿:\OLH￿￿￿￿￿￿￿￿/L￿HW￿DO￿￿￿￿￿￿￿￿￿￿ZKLFK￿
ZHUH￿WHVWHG￿IRU￿VHVDPH￿WUDQVIRUPDWLRQ￿LQ￿WKH￿SUHVHQW￿ZRUN￿￿9DULRXV￿IDFWRUV￿WKDW￿
FRXOG￿LQIOXHQFH￿WUDQVIRUPDWLRQ￿ZHUH￿LQYHVWLJDWHG￿IRU￿WKH￿GLIIHUHQW￿PHWKRGV￿￿
$￿ SUH￿GHWHUPLQHG￿ NDQDP\FLQ￿ FRQFHQWUDWLRQ￿ RI￿ ￿￿￿ PJ￿/￿ ZDV￿ XVHG￿ WR￿ VHOHFW￿
WUDQVIRUPDQWV￿LQ￿YLWUR￿￿7UDQVIRUPDWLRQ￿ZDV￿FRQILUPHG￿XVLQJ￿WKH￿SRO\PHUDVH￿FKDLQ￿
UHDFWLRQ￿￿3&5￿￿DQG￿YLVXDOL]DWLRQ￿RI￿JUHHQ￿IOXRUHVFHQW￿SURWHLQ￿￿*)3￿￿H[SUHVVLRQ￿LQ￿
NDQDP\FLQ￿ UHVLVWDQW￿ SODQWV￿ ￿)LJ￿￿ ￿￿￿￿ )RU￿ WKH￿ IORUDO￿ GLS￿ PHWKRG￿ ￿SDSHU￿ ,,,￿￿￿
WUDQVIRUPDQWV￿ ZHUH￿ REWDLQHG￿ DW￿ D￿ IUHTXHQF\￿ RI￿ ￿￿￿￿￿ ZKHQ￿ ￿￿￿￿￿￿ ￿Y￿Y￿￿ RI￿ WKH￿
VXUIDFWDQW￿6LOZHW￿/￿￿￿￿ZDV￿DGGHG￿WR￿WKH￿GLSSLQJ￿PHGLXP￿￿$￿ORZHU￿FRQFHQWUDWLRQ￿RI￿
￿￿￿￿￿￿ ￿Y￿Y￿￿ ZDV￿ LQHIIHFWLYH￿ IRU￿ WUDQVIRUPDWLRQ￿￿ \LHOGLQJ￿ QR￿ WUDQVJHQLF￿ SODQWV￿￿
6LPLODU￿ UHVXOWV￿ KDYH￿ EHHQ￿ REWDLQHG￿ IRU￿ UDGLVK￿ ZKHUH￿ ￿￿￿￿￿￿ 6LOZHW￿ /￿￿￿￿ ZDV￿
RSWLPDO￿IRU￿WUDQVIRUPDWLRQ￿￿&XUWLV￿￿￿1DP￿￿￿￿￿￿￿￿￿:H￿DOVR￿IRXQG￿WKDW￿IORZHU￿EXG￿
DJH￿VLJQLILFDQWO\￿LQIOXHQFHG￿WUDQVIRUPDWLRQ￿￿7KH￿EHVW￿VWDJH￿IRU￿WUDQVIRUPDWLRQ￿E\￿
IORUDO￿GLSSLQJ￿ZDV￿ZKHQ￿WKH￿EXGV￿ZHUH￿DERXW￿￿￿￿￿ZHHNV￿IURP￿DQWKHVLV￿￿￿
￿
￿ ￿ ￿
)LJ￿￿￿*UHHQ￿IOXRUHVFHQFH￿SURWHLQ￿H[SUHVVLRQ￿LQ￿YDULRXV￿RUJDQV￿RI￿WUDQVIRUPHG￿VHVDPH￿￿￿D￿￿
6WHP￿￿E￿￿/HDI￿WULFKRPHV￿￿F￿￿5RRW￿KDLUV￿
7UDQVIRUPDWLRQ￿IUHTXHQFLHV￿DV￿KLJK￿DV￿￿￿￿￿￿￿￿FRXOG￿EH￿DFKLHYHG￿LQ￿LPPDWXUH￿EXGV￿
ZLWKLQ￿WKDW￿DJH￿ZLQGRZ￿￿,PPDWXUH￿EXGV￿KDYH￿DOVR￿EHHQ￿VKRZQ￿WR￿EH￿WKH￿EHVW￿WDUJHW￿
IRU￿IORUDO￿GLS￿WUDQVIRUPDWLRQ￿LQ￿YDULRXV￿VSHFLHV￿￿DOWKRXJK￿WKH￿LGHDO￿WLPLQJ￿YDULHV￿
DPRQJ￿VSHFLHV￿￿,Q￿DGGLWLRQ￿￿RXU￿UHVXOWV￿DOVR￿UHYHDOHG￿WKDW￿EXGV￿GLSSHG￿DERXW￿WZR￿
ZHHNV￿IURP￿DQWKHVLV￿OHG￿WR￿ORZ￿VHHG￿VHW￿￿,W￿LV￿SRVVLEOH￿WKDW￿WKH￿GHWHUJHQW￿XVHG￿FRXOG￿
KDYH￿ DIIHFWHG￿ UHSURGXFWLYH￿ GHYHORSPHQW￿ LQ￿ WKHVH￿ EXGV￿￿ OHDGLQJ￿ WR￿ ORZ￿ VHHG￿
UHFRYHU\￿￿ 6LPLODU￿ REVHUYDWLRQV￿ KDYH￿ EHHQ￿ UHSRUWHG￿ IRU￿ $UDELGRSVLV￿ ODVLRFDUSD￿￿￿ ￿ ￿
￿7DJXH￿￿￿￿￿￿￿￿￿'HWHUJHQWV￿DUH￿NQRZQ￿WR￿LQGXFH￿PDOH￿VWHULOLW\￿LQ￿VRPH￿SODQWV￿￿6LQJK￿
￿￿&KDXKDQ￿￿￿￿￿￿￿￿￿ZKLFK￿FRXOG￿KDYH￿EHHQ￿WKH￿FDVH￿LQ￿WKH￿SUHVHQW￿VWXG\￿￿7KH￿WZR￿
VWUDLQV￿RI￿$￿￿WXPHIDFLHQV￿XVHG￿IRU￿IORUDO￿GLS￿KHUH￿ERWK￿JDYH￿ULVH￿WR￿WUDQVIRUPDQWV￿￿
+RZHYHU￿￿ VWUDLQ￿ (+$￿ ￿￿￿￿ ZDV￿ PRUH￿ HIIHFWLYH￿ WKDQ￿ *9￿￿￿￿￿￿ 2XW￿ RI￿ WKH￿ ￿￿￿
WUDQVIRUPDQWV￿LGHQWLILHG￿IURP￿WKH￿VFUHHQHG￿VHHGV￿￿￿￿￿ZHUH￿IURP￿SODQWV￿GLSSHG￿ZLWK￿
(+$￿￿￿￿￿DQG￿￿￿￿IURP￿GLSSLQJ￿ZLWK￿*9￿￿￿￿￿￿7KH￿WZR￿VWUDLQV￿GLIIHU￿LQ￿YLUXOHQFH￿￿
ZLWK￿(+$￿￿￿￿￿EHLQJ￿VXSHUYLUXOHQW￿DQG￿WKHUHIRUH￿EHWWHU￿WKDQ￿*9￿￿￿￿￿LQ￿LQIHFWLRQ￿
DQG￿JHQH￿WUDQVIHU￿￿
,Q￿WKH￿FRPSDULVRQ￿RI￿WKH￿WKUHH￿DOWHUQDWLYH￿PHWKRGV￿RI￿LQRFXODWLQJ￿PDWXUH￿IORZHUV￿
IRU￿ WUDQVIRUPDWLRQ￿ ￿7DEOH￿ ￿￿￿￿ WKH￿ EHVW￿ WUDQVIRUPDWLRQ￿ UDWH￿ ￿PHDQ￿ ￿￿￿￿￿￿￿ ZDV￿
REWDLQHG￿ ZKHQ￿ $JUREDFWHULXP￿ VXVSHQVLRQ￿ ZDV￿ DSSOLHG￿ WR￿ WKH￿ VWLJPD￿ EHIRUH￿
SROOLQDWLRQ￿￿ +RZHYHU￿￿ ZKHQ￿ WKH￿ $JUREDFWHULXP￿ VXVSHQVLRQ￿ ZDV￿ DSSOLHG￿ WR￿ WKH￿
VWLJPD￿ DIWHU￿ VHOI￿SROOLQDWLRQ￿ WKH￿ WUDQVIRUPDWLRQ￿ IUHTXHQF\￿ ZDV￿ YHU\￿ ORZ￿ ￿PHDQ￿
￿￿￿￿￿￿￿3ROOHQ￿￿LQILOWUDWHG￿ZLWK￿$JUREDFWHULXP￿DQG￿DSSOLHG￿WR￿WKH￿VWLJPD￿JDYH￿D￿
PHDQ￿WUDQVIRUPDWLRQ￿IUHTXHQF\￿RI￿￿￿￿￿￿￿￿7KHVH￿UHVXOWV￿FRQWUDVW￿ZLWK￿WKH￿VWXG\￿E\￿
7MRNURNXVXPR￿￿ +HLQULFK￿ ￿￿ :\OLH￿￿ ￿￿￿￿￿￿￿￿ZKR￿REWDLQHG￿VLPLODU￿WUDQVIRUPDWLRQ￿
IUHTXHQFLHV￿￿ ZKHQ￿ WKH\￿ FRPSDUHG￿ LQRFXODWLRQ￿ EHIRUH￿ SROOLQDWLRQ￿ DQG￿ SROOHQ￿
LQILOWUDWLRQ￿WUDQVIRUPDWLRQ￿￿2XU￿ILQGLQJV￿PLJKW￿VXJJHVW￿WKDW￿WKH￿SURFHGXUH￿XVHG￿IRU￿
SROOHQ￿LQILOWUDWLRQ￿LQ￿WKH￿SUHVHQW￿VWXG\￿ZRXOG￿UHTXLUH￿VRPH￿RSWLPL]DWLRQ￿WR￿DFKLHYH￿
EHWWHU￿ UHVXOWV￿￿ 0RVW￿ OLNHO\￿ WKH￿ FRQFHQWUDWLRQ￿ RI￿ WKH￿ YDULRXV￿ FRPSRQHQWV￿ RI￿ WKH￿
SROOHQ￿JHUPLQDWLRQ￿PHGLXP￿QHHGV￿WR￿EH￿WHVWHG￿WR￿GHWHUPLQH￿WKH￿RSWLPDO￿PHGLXP￿
FRPSRVLWLRQ￿￿7KH￿PHGLXP￿XVHG￿KHUH￿JLYHV￿XS￿WR￿￿￿￿￿JHUPLQDWLRQ￿￿3IDKOHU￿￿3HUHLUD￿
￿￿ %DUQHW￿￿ ￿￿￿￿￿￿￿ 7KH￿ ORZ￿ JHUPLQDWLRQ￿ IUHTXHQF\￿ FRXOG￿ KDYH￿ FRQWULEXWHG￿ WR￿
UHGXFHG￿ HIILFLHQF\￿ RI￿ WKH￿ SROOHQ￿ LQILOWUDWLRQ￿ SURFHGXUH￿ IRU￿ WUDQVIRUPDWLRQ￿￿
$JUREDFWHULXP￿ VWUDLQV￿ (+$￿ ￿￿￿￿ DQG￿ *9￿￿￿￿￿ JDYH￿ VLPLODU￿ IUHTXHQFLHV￿ RI￿
WUDQVJHQLF￿ SODQWV￿ ￿￿￿￿￿ DQG￿ ￿￿￿￿￿￿￿ ZKLOH￿ *9￿￿￿￿￿ KDG￿ WKH￿ ORZHVW￿ ￿￿￿￿￿￿￿￿
LQGLFDWLYH￿ RI￿ GLIIHUHQFHV￿ LQ￿ VWUDLQ￿ YLUXOHQFH￿￿ *HQRW\SLF￿ GLIIHUHQFHV￿ IRU￿
WUDQVIRUPDWLRQ￿ZHUH￿HYLGHQW￿DPRQJ￿WKH￿WKUHH￿FXOWLYDUV￿WHVWHG￿￿7KH￿EHVW￿FXOWLYDU￿ZDV￿
0F%ODFN￿ ￿￿￿￿￿￿￿￿ ZKLOH￿ 0F:KLWH￿ ￿￿￿￿￿￿￿ ZDV￿ WKH￿ OHDVW￿ VXVFHSWLEOH￿ WR￿
WUDQVIRUPDWLRQ￿ E\￿ LQRFXODWLRQ￿ RI￿ PDWXUH￿ IORZHUV￿￿ *HQRW\SLF￿ GLIIHUHQFHV￿ IRU￿
WUDQVIRUPDWLRQ￿ XVLQJ￿ $JUREDFWHULXP￿ DUH￿ FRPPRQO\￿ HQFRXQWHUHG￿ ￿+DOLORJOX￿ ￿￿
%DHQ]LJHU￿￿ ￿￿￿￿￿￿ 'DEDX]D￿ ￿￿ 3HQD￿￿ ￿￿￿￿￿￿￿ DQG￿ DUH￿ DWWULEXWHG￿ WR￿ WKH￿ LQKHUHQW￿
YDULDWLRQ￿LQ￿UHVLVWDQFH￿WR￿LQIHFWLRQ￿E\￿$JUREDFWHULXP￿￿+LJKO\￿UHVLVWDQW￿JHQRW\SHV￿
JLYH￿ULVH￿WR￿IHZHU￿WUDQVIRUPDQWV￿WKDQ￿VXVFHSWLEOH￿RQHV￿￿
7KLV￿ZRUN￿KDV￿IRU￿WKH￿ILUVW￿WLPH￿DFKLHYHG￿GHOLYHU\￿RI￿IRUHLJQ￿'1$￿LQWR￿VHVDPH￿E\￿
$￿￿WXPHIDFLHQV￿XVLQJ￿IRXU￿GLIIHUHQW￿DSSURDFKHV￿WR￿IORUDO￿WUDQVIRUPDWLRQ￿￿2YHUDOO￿
WUDQVIRUPDWLRQ￿ IUHTXHQFLHV￿ UDQJLQJ￿ EHWZHHQ￿ ￿￿￿￿￿ DQG￿ ￿￿￿￿ ZHUH￿ REWDLQHG￿
GHSHQGLQJ￿ RQ￿ WKH￿ PHWKRG￿ XVHG￿￿ 3ROOLQDWLRQ￿ DIWHU￿ LQRFXODWLRQ￿ RI￿ PDWXUH￿ IORZHUV￿
\LHOGHG￿ WKH￿ KLJKHVW￿ QXPEHU￿ RI￿ WUDQVIRUPDQWV￿￿ DQG￿ FRXOG￿ EH￿ XVHG￿ ZKHQ￿ D￿ ODUJH￿
QXPEHU￿RI￿WUDQVIRUPDQWV￿LV￿UHTXLUHG￿￿7KLV￿DSSURDFK￿LV￿KRZHYHU￿GLVDGYDQWDJHRXV￿DV￿
LW￿LV￿ODERXU￿LQWHQVLYH￿DQG￿WKHUHIRUH￿XQVXLWDEOH￿IRU￿RUGLQDU\￿WUDQVIRUPDWLRQ￿ZRUN￿￿
ZKLFK￿FDQ￿EH￿PRUH￿FRQYHQLHQWO\￿DFFRPSOLVKHG￿XVLQJ￿WKH￿IORUDO￿GLS￿PHWKRG￿￿
￿
￿￿ ￿￿￿
7DEOH￿￿￿7UDQVIRUPDWLRQ￿RI￿VHVDPH￿E\￿SROOHQ￿LQILOWUDWLRQ￿DQG￿$JUREDFWHULXP￿VXVSHQVLRQ￿
GURS￿PHWKRGV￿
7UHDWPHQW￿FRPELQDWLRQ￿
,QRFXODWLRQ￿
0HWKRG￿
6WUDLQ￿ &XOWLYDU￿
1R￿￿RI￿
VHHGV￿
VHOHFWHG￿RQ￿
NDQDP\FLQ￿
1R￿￿RI￿
NDQDP\FLQ￿
UHVLVWDQW￿
VHHGV￿
￿￿.DQDP\FLQ￿
UHVLVWDQW￿VHHGV￿
$￿ (+$￿
￿￿￿￿
0F%ODFN￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿￿
$￿ *9￿￿￿￿￿ 0WZDUD￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿
$￿ *9￿￿￿￿￿ 0F:KLWH￿ ￿￿￿ ￿￿ ￿￿￿￿
$￿6XPPDU\￿ ￿ ￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿
%￿ (+$￿
￿￿￿￿
0F:KLWH￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
%￿ *9￿￿￿￿￿ 0F%ODFN￿ ￿￿￿￿ ￿￿ ￿￿￿￿
%￿ *9￿￿￿￿￿ 0WZDUD￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
%￿6XPPDU\￿ ￿ ￿ ￿￿￿￿￿ ￿￿￿ ￿￿￿￿
&￿￿ (+$￿
￿￿￿￿
0WZDUD￿￿￿ ￿￿￿ ￿￿ ￿￿￿￿￿
&￿ *9￿￿￿￿￿ 0F:KLWH￿ ￿￿￿￿ ￿￿ ￿￿￿￿
&￿ *9￿￿￿￿￿ 0F%ODFN￿ ￿￿￿ ￿￿￿ ￿￿￿￿￿
&￿6XPPDU\￿ ￿ ￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿￿
$￿￿,QRFXODWHG￿EHIRUH￿SROOLQDWLRQ￿￿%￿￿,QRFXODWHG￿DIWHU￿SROOLQDWLRQ￿￿&￿￿3ROOHQ￿LQILOWUDWLRQ￿
0ROHFXODU￿FORQLQJ￿DQG￿FKDUDFWHULVDWLRQ￿RI￿D￿VHHG￿VSHFLILF￿)$'￿￿
IURP￿VHVDPH￿￿
7KH￿PLFURVRPDO￿ ￿￿￿ROHR\O￿3&￿GHVDWXUDVH￿HQ]\PH￿￿ZKLFK￿LV￿UHVSRQVLEOH￿IRU￿WKH￿
FRQYHUVLRQ￿RI￿ROHLF￿DFLG￿￿￿￿￿￿
￿￿FLV￿￿WR￿ ￿OLQROHLF￿DFLG￿￿￿￿￿￿
￿￿￿￿￿￿FLV￿￿LQ￿RLOVHHGV￿LV￿
HQFRGHG￿E\￿WKH￿)$'￿￿ORFXV￿￿2NXOH\￿HW￿DO￿￿￿￿￿￿￿￿￿￿-LQ￿HW￿DO￿￿￿￿￿￿￿￿￿FORQHG￿D￿F'1$￿
IURP￿ VHVDPH￿ DQG￿ FKDUDFWHUL]HG￿ LW￿ E\￿ VHTXHQFH￿ FRPSDULVRQ￿ WR￿ ￿￿￿ROHDWH￿
GHVDWXUDVHV￿EXW￿GLG￿QRW￿SUHVHQW￿GHILQLWLYH￿SURRI￿RI￿LWV￿IXQFWLRQ￿￿,Q￿WKH￿UHFHQW￿SDVW￿￿
VRPH￿ HQ]\PHV￿ KDYH￿ EHHQ￿ LGHQWLILHG￿ DQG￿ VKRZQ￿ WR￿ SRVVHVV￿ FORVH￿ VWUXFWXUDO￿ DQG￿
IXQFWLRQDO￿DIILQLW\￿WR￿WKH￿)$'￿￿SURWHLQ￿￿/HH￿HW￿DO￿￿￿￿￿￿￿￿￿%URXQ￿HW￿DO￿￿￿￿￿￿￿D￿￿
&DKRRQ￿ HW￿DO￿￿￿￿￿￿￿￿￿￿)RU￿WKLV￿UHDVRQ￿￿LW￿ZDV￿GHHPHG￿QHFHVVDU\￿WR￿FRQILUP￿WKH￿
LGHQWLW\￿RI￿WKH￿F'1$￿LVRODWHG￿IURP￿VHVDPH￿￿SDSHU￿,9￿E\￿FRPSOHPHQWDWLRQ￿VWXGLHV￿
LQ￿WKH￿$￿￿WKDOLDQD￿IDG￿￿￿￿PXWDQW￿￿/HPLHX[￿￿6RPHUYLOOH￿￿￿%URZVH￿￿￿￿￿￿￿￿GHILFLHQW￿
LQ￿(5￿GHVDWXUDWLRQ￿RI￿ROHLF￿DFLG￿￿7KLV￿ZRUN￿ZDV￿DOVR￿LQWHQGHG￿WR￿SURYLGH￿SURRI￿WKDW￿
WKH￿JHQH￿ZDV￿IXQFWLRQDO￿DQG￿FRXOG￿EH￿XVHG￿IRU￿JHQHWLF￿PRGLILFDWLRQ￿RI￿WKH￿IDWW\￿DFLG￿
FRPSRVLWLRQ￿RI￿VHVDPH￿LQ￿IXWXUH￿￿￿
%DVHG￿ RQ￿ WKH￿ SUHVHQW￿ NQRZOHGJH￿ DERXW￿ WKH￿ )$'￿￿OLNH￿ HQ]\PHV￿ ROHLF￿ DFLG￿
PRGLILFDWLRQ￿DW￿WKH￿ ￿￿￿SRVLWLRQ￿VKRXOG￿\LHOG￿ILYH￿NLQGV￿RI￿IDWW\￿DFLGV￿QDPHO\￿￿
K\GUR[\ODWHG￿￿HSR[LGDWHG￿￿DFHW\OHQLF￿￿FRQMXJDWHG￿DQG￿WUDQV￿IDWW\￿DFLGV￿￿-DZRUVNL￿￿￿
&DKRRQ￿￿ ￿￿￿￿￿￿￿ 7KHVH￿ XQXVXDO￿ IDWW\￿ DFLGV￿ KDYH￿ SRWHQWLDO￿ XVH￿ DV￿ DQ￿ DOWHUQDWLYH￿￿￿ ￿ ￿
VRXUFH￿RI￿LQGXVWULDO￿UDZ￿PDWHULDOV￿IRU￿FRPPHUFLDO￿SURGXFWLRQ￿RI￿SRO\PHUV￿￿FRDWLQJV￿
DQG￿ OXEULFDQWV￿ FXUUHQWO\￿ PDGH￿ IURP￿ SHWUROHXP￿￿ D￿ QRQ￿UHQHZDEOH￿ UHVRXUFH￿￿
7KHUHIRUH￿￿WKHUH￿KDV￿EHHQ￿D￿JURZLQJ￿LQWHUHVW￿WR￿SURGXFH￿QRYHO￿RLOV￿FRQWDLQLQJ￿KLJK￿
DPRXQWV￿RI￿WKHVH￿IDWW\￿DFLGV￿LQ￿FRPPHUFLDOO\￿LPSRUWDQW￿FURSV￿￿+RZHYHU￿￿WUDQVJHQLF￿
RLO￿FURSV￿GHYHORSHG￿WR￿GDWH￿GR￿QRW￿DFFXPXODWH￿XQXVXDO￿IDWW\￿DFLGV￿WR￿HFRQRPLFDOO\￿
YLDEOH￿ OHYHOV￿ IRU￿ XVH￿ LQ￿ LQGXVWU\￿￿ 6WXGLHV￿ RQ￿ WKH￿ WUDQVJHQLF￿ SURGXFWLRQ￿ RI￿ WKH￿
XQXVXDO￿IDWW\￿DFLGV￿E\￿)$'￿￿OLNH￿HQ]\PHV￿VXJJHVW￿WKDW￿VXEVWUDWH￿DYDLODELOLW\￿PLJKW￿
SDUWO\￿EH￿WKH￿UHDVRQ￿IRU￿WKH￿ORZ￿TXDQWLWLHV￿￿6LQJK￿HW￿DO￿￿￿￿￿￿￿￿￿￿:H￿WKHUHIRUH￿WHVWHG￿
WKLV￿YLHZ￿E\￿H[SUHVVLQJ￿WKH￿VHVDPH￿)$'￿￿F'1$￿LQ￿WUDQVJHQLF￿$￿￿WKDOLDQD￿OLQHV￿
SURGXFLQJ￿K\[GUR[\￿￿HSR[\￿DQG￿DFHW\OHQLF￿IDWW\￿DFLGV￿￿SDSHU￿,9￿￿￿
([SUHVVLRQ￿ RI￿ WKH￿ F'1$￿ IURP￿ VHVDPH￿ JHQH￿ LQ￿ VHHGV￿ RI￿ WKH￿ IDG￿￿￿￿ PXWDQW￿
FRPSOHWHO\￿UHVWRUHG￿WKH￿DFFXPXODWLRQ￿RI￿OLQROHLF￿DFLG￿￿:LOGW\SH￿&ROXPELD￿2￿SODQWV￿
H[SUHVVLQJ￿WKH￿VHVDPH￿JHQH￿SURGXFHG￿XS￿WR￿￿￿￿PRUH￿OLQROHLF￿DFLG￿FRPSDUHG￿WR￿
XQWUDQVIRUPHG￿FRQWUROV￿￿7KH￿UHVXOWV￿FRQILUP￿WKDW￿WKH￿F'1$￿FORQHG￿IURP￿VHVDPH￿
HQFRGHV￿ D￿ IXQFWLRQDO￿ )$'￿￿ HQ]\PH￿￿ 7KH￿ F'1$￿ ZLOO￿ WKHUHIRUH￿ EH￿ XVHIXO￿ LQ￿
HQJLQHHULQJ￿RLO￿TXDOLW\￿LQ￿VHVDPH￿￿￿
&R￿H[SUHVVLRQ￿RI￿WKH￿GHVDWXUDVH￿ZLWK￿D￿)$'￿￿OLNH￿K\GUR[\ODVH￿￿HSR[\JHQDVH￿RU￿
DFHW\OHQDVH￿\LHOGHG￿FRQWUDVWLQJ￿UHVXOWV￿￿,Q￿OLQHV￿H[SUHVVLQJ￿ERWK￿WKH￿GHVDWXUDVH￿DQG￿
K\GUR[\ODVH￿￿ OLQROHLF￿ DFLG￿ OHYHOV￿ LQFUHDVHG￿DW￿WKH￿H[SHQVH￿RI￿K\GUR[\ODWHG￿IDWW\￿
DFLGV￿ZKRVH￿TXDQWLW\￿GLPLQLVKHG￿JUHDWO\￿￿2OHLF￿DFLG￿GHFUHDVHG￿WKUHH￿IROG￿LQ￿WKHVH￿
SODQWV￿LQ￿FRPSDULVRQ￿WR￿WKRVH￿H[SUHVVLQJ￿WKH￿K\GUR[\ODVH￿DORQH￿￿7KLV￿UHVXOW￿ZDV￿
H[SHFWHG￿VLQFH￿ROHLF￿DFLG￿LV￿WKH￿VXEVWUDWH￿IRU￿ ￿￿￿K\GUR[\ODWLRQ￿￿+HUH￿ZH￿KDYH￿
FRQILUPHG￿ WKDW￿ UHGXFHG￿ VXEVWUDWH￿ DYDLODELOLW\￿ FRQWULEXWHV￿ WR￿ WKH￿ ORZ￿ \LHOG￿ RI￿
K\GUR[\￿IDWW\￿DFLGV￿LQ￿WUDQVJHQLF￿$￿￿WKDOLDQD￿￿7UDQVJHQLF￿HSR[\￿OLQHV￿H[SUHVVLQJ￿
WKH￿VHVDPH￿GHVDWXUDVH￿SURGXFHG￿D￿KLJKHU￿DPRXQW￿RI￿XQXVXDO￿IDWW\￿DFLGV￿DQG￿OLQROHLF￿
DFLG￿ WKDQ￿ REVHUYHG￿ LQ￿ OLQHV￿ ZLWKRXW￿ WKH￿ DGGLWLRQDO￿ GHVDWXUDVH￿￿ 7KLV￿ ILQGLQJ￿
FRQIRUPV￿WR￿WKH￿UHSRUW￿E\￿6LQJK￿HW￿DO￿￿￿￿￿￿￿￿￿ZKR￿DFKLHYHG￿KLJKHU￿OHYHOV￿RI￿HSR[\￿
IDWW\￿DFLGV￿FR￿H[SUHVVLQJ￿ ￿￿￿HSR[\JHQDVH￿DQG￿GHVDWXUDVH￿IURP￿&UHSLV￿SDODHVWLQD￿￿
2XU￿UHVXOWV￿GHPRQVWUDWH￿WKDW￿D￿IXQFWLRQDO￿ ￿￿￿GHVDWXUDVH￿UHJDUGOHVV￿RI￿RULJLQ￿FRXOG￿
KHOS￿UDLVH￿WKH￿\LHOG￿RI￿HSR[\￿IDWW\￿DFLGV￿LQ￿WUDQVJHQLF￿SODQWV￿￿+RZHYHU￿￿LQ￿VSLWH￿RI￿
WKH￿LQFUHDVH￿WKH￿OHYHOV￿RI￿HSR[\￿IDWW\￿DFLGV￿DUH￿VWLOO￿WRR￿ORZ￿FRPSDUHG￿WR￿WKRVH￿
DFFXPXODWHG￿LQ￿ZLOG￿WKH￿VSHFLHV￿￿LPSO\LQJ￿WKDW￿RWKHU￿FRQWULEXWLQJ￿IDFWRUV￿QHHG￿WR￿EH￿
HVWDEOLVKHG￿￿ ,Q￿ WKH￿ FDVH￿ RI￿ WKH￿ DFHW\OHQDVH￿￿ FR￿H[SUHVVLRQ￿ ZLWK￿ WKH￿ GHVDWXUDVH￿
UHVXOWHG￿LQ￿DQ￿LQFUHDVH￿LQ￿OLQROHLF￿DFLG￿DFFRPSDQLHG￿E\￿DQ￿XQH[SHFWHG￿GHFUHDVH￿LQ￿
FUHSHQ\QLF￿ DFLG￿￿ 7KLV￿ KDV￿ QRW￿ EHHQ￿ UHSRUWHG￿ EHIRUH￿￿ DQG￿ LPSOLHV￿ WKDW￿ IRU￿ WKH￿
DFHW\OHQDVH￿ OLQROHLF￿ DFLG￿ VXEVWUDWH￿ DYDLODELOLW\￿ LV￿ QRW￿ D￿ NH\￿ IDFWRU￿ OLPLWLQJ￿
FUHSHQ\QLF￿DFLG￿SURGXFWLRQ￿￿7DNHQ￿WRJHWKHU￿￿UHVXOWV￿REWDLQHG￿IURP￿FR￿H[SUHVVLRQ￿
VWXGLHV￿ VKRZ￿ WKDW￿ VXEVWUDWH￿ DYDLODELOLW\￿ DORQH￿ FDQQRW￿ H[SODLQ￿ WKH￿ ORZ￿ \LHOG￿ RI￿
XQXVXDO￿ IDWW\￿ DFLGV￿ LQ￿ WUDQVJHQLF￿ SODQWV￿￿ 7KRP†XV￿￿ &DUOVVRQ￿ ￿￿ 6W\PQH￿￿ ￿￿￿￿￿￿￿
IRXQG￿WKDW￿WUDQVJHQLF￿SODQWV￿H[SUHVVLQJ￿)$'￿￿OLNH￿JHQHV￿UHWDLQHG￿UHODWLYHO\￿KLJK￿
DPRXQWV￿RI￿WKH￿PRGLILHG￿IDWW\￿DFLGV￿LQ￿SRODU￿OLSLGV￿￿DQ￿LQGLFDWLRQ￿WKDW￿WKHUH￿PD\￿EH￿
VRPH￿GHILFLHQF\￿LQ￿WKH￿PHFKDQLVP￿RI￿WKHLU￿FKDQQHOOLQJ￿LQWR￿7$*V￿OHDGLQJ￿WR￿ORZ￿
TXDQWLWLHV￿ LQ￿ VHHG￿ RLOV￿￿ 7R￿ LQFUHDVH￿ WKH￿ \LHOG￿ RI￿ WKHVH￿ IDWW\￿ DFLGV￿￿ LW￿ PLJKW￿ EH￿
QHFHVVDU\￿WR￿FR￿WUDQVIRUP￿WKH￿)$'￿￿OLNH￿JHQHV￿ZLWK￿DQ￿DF\OWUDQVIHUDVH￿OLNH￿3'$7￿
KDYLQJ￿VSHFLILFLW\￿IRU￿WKH￿WUDQVIHU￿RI￿DF\O￿JURXSV￿IURP￿WKH￿VQ￿￿￿SRVLWLRQ￿RI￿3&￿WR￿￿ ￿￿￿
7$*￿￿ DV￿ LW￿ KDV￿ EHHQ￿ VXJJHVWHG￿ EHIRUH￿ ￿6WDKO￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿￿ ,W￿ UHPDLQV￿ WR￿ EH￿
GHWHUPLQHG￿ZKHWKHU￿WKLV￿DSSURDFK￿ZLOO￿VROYH￿WKH￿SUREOHP￿￿￿
7KLV￿ VWXG\￿ KDV￿ GHPRQVWUDWHG￿ WKDW￿ D￿ VHHG￿VSHFLILF￿ VHVDPH￿ F'1$￿ ZLWK￿ FORVH￿
VLPLODULW\￿WR￿ ￿￿￿ROHDWH￿GHVDWXUDVHV￿HQFRGHV￿D￿IXQFWLRQDO￿HQ]\PH￿￿7KH￿VWXG\￿DOVR￿
FRQILUPHG￿ WKDW￿ VXEVWUDWH￿ DYDLODELOLW\￿ RQO\￿ SDUWO\￿ FRQWULEXWHV￿ WR￿WKH￿ORZ￿\LHOG￿RI￿
XQXVXDO￿IDWW\￿DFLGV￿LQ￿WUDQVJHQLF￿SODQWV￿￿
&RQFOXVLRQV￿DQG￿IXWXUH￿FRQVLGHUDWLRQV￿
7R￿D￿ODUJH￿H[WHQW￿WKH￿SUHVHQW￿ZRUN￿KDV￿DFKLHYHG￿LWV￿JRDO￿RI￿SXWWLQJ￿WRJHWKHU￿WKH￿
WRROV￿QHFHVVDU\￿IRU￿LPSURYHPHQW￿RI￿RLO￿TXDOLW\￿LQ￿VHVDPH￿￿7KH￿ZRUN￿KDV￿VKRZQ￿WKDW￿
VLJQLILFDQW￿GLYHUVLW\￿H[LVWV￿IRU￿RLO￿FRQWHQW￿DQG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿LQ￿WKH￿VHVDPH￿
JHUPSODVP￿HYDOXDWHG￿￿6HVDPH￿DFFHVVLRQV￿ZLWK￿SRWHQWLDO￿XVH￿DV￿SDUHQWDO￿OLQHV￿LQ￿
IXWXUH￿EUHHGLQJ￿IRU￿LPSURYHPHQW￿RI￿WKHVH￿WUDLWV￿KDYH￿EHHQ￿LGHQWLILHG￿￿$Q￿LPSURYHG￿
PHWKRG￿ IRU￿ WKH￿ UHJHQHUDWLRQ￿ RI￿ VHVDPH￿ IURP￿ VHHGOLQJ￿ FRW\OHGRQV￿ KDV￿ EHHQ￿
GHYHORSHG￿￿ZKLFK￿XSRQ￿IXUWKHU￿RSWLPL]DWLRQ￿ZLOO￿EH￿XVHIXO￿IRU￿HVWDEOLVKLQJ￿DQ￿LQ￿
YLWUR￿WUDQVIRUPDWLRQ￿V\VWHP￿IRU￿WKH￿FURS￿￿,Q￿WKH￿PHDQWLPH￿￿IORUDO￿WUDQVIRUPDWLRQ￿
SURFHGXUHV￿ GHVFULEHG￿ KHUHLQ￿ IRU￿ WKH￿ ILUVW￿ WLPH￿ LQ￿ VHVDPH￿ FDQ￿ EH￿ XVHG￿￿ 7KHVH￿
SURFHGXUHV￿\LHOG￿WUDQVIRUPDQWV￿DW￿KLJK￿IUHTXHQF\￿DQG￿ZLOO￿EH￿LQVWUXPHQWDO￿LQ￿WKH￿
LPSURYHPHQW￿RI￿WKH￿FURS￿WKURXJK￿JHQHWLF￿HQJLQHHULQJ￿￿)RU￿HQJLQHHULQJ￿WKH￿IDWW\￿
DFLG￿FRPSRVLWLRQ￿￿D￿VHHG￿VSHFLILF￿)$'￿￿JHQH￿KDV￿EHHQ￿LVRODWHG￿IURP￿VHVDPH￿DQG￿
FRQILUPHG￿WR￿EH￿IXQFWLRQDO￿￿,Q￿WKH￿IXWXUH￿￿WKLV￿JHQH￿FRXOG￿EH￿VLOHQFHG￿WR￿LQFUHDVH￿WKH￿
ROHLF￿DFLG￿FRQWHQW￿RU￿RYHU￿H[SUHVVHG￿WR￿UDLVH￿WKH￿OHYHO￿RI￿OLQROHLF￿DFLG￿LQ￿VHHGV￿
VHVDPH￿￿ :LWK￿ LQFUHDVHG￿ SURGXFWLRQ￿ RI￿ OLQROHLF￿ DFLG￿ LQ￿ WKH￿ VHHGV￿￿ DQ￿ DGGLWLRQDO￿
XQVDWXUDWLRQ￿VWHS￿E\￿DQ￿LQWURGXFHG￿ ￿￿RU￿ ￿￿￿GHVDWXUDVH￿WUDQVJHQH￿VKRXOG￿OHDG￿WR￿
WKH￿DFFXPXODWLRQ￿RI￿OLQROHQLF￿DFLGV￿ZKLFK￿DUH￿ODFNLQJ￿LQ￿VHVDPH￿RLO￿￿)URP￿WKH￿VWXG\￿
RQ￿)$'￿￿OLNH￿HQ]\PHV￿￿LW￿KDV￿EHFRPH￿FOHDU￿WKDW￿ZKLOH￿VXEVWUDWH￿DYDLODELOLW\￿PLJKW￿
FRQWULEXWH￿WR￿ORZ￿\LHOG￿RI￿XQXVXDO￿IDWW\￿DFLGV￿LQ￿WUDQVJHQLF￿SODQWV￿￿WKH￿SUREOHP￿LV￿
PRUH￿FRPSOH[￿WKDQ￿LW￿DSSHDUV￿￿
7KH￿PDLQ￿IRFXV￿IRU￿WKH￿IXWXUH￿VKRXOG￿EH￿WR￿SURFHHG￿ZLWK￿XWLOL]LQJ￿WKH￿DYDLODEOH￿
UHVRXUFHV￿ IRU￿ JHQHWLF￿ LPSURYHPHQW￿ RI￿ VHVDPH￿ RLO￿￿ ,PSURYHPHQW￿ WKURXJK￿
FRQYHQWLRQDO￿PHWKRGV￿VKRXOG￿EH￿SXUVXHG￿DORQJVLGH￿JHQHWLF￿HQJLQHHULQJ￿DOWKRXJK￿
WKLV￿PLJKW￿UHTXLUH￿LGHQWLI\LQJ￿PRUH￿VRXUFHV￿RI￿YDULDWLRQ￿IRU￿VLJQLILFDQW￿DOWHUDWLRQ￿RI￿
WKH￿ IDWW\￿ DFLG￿ FRPSRVLWLRQ￿￿ :LWK￿ UHJDUG￿ WR￿ GHYHORSPHQW￿ RI￿ UHJHQHUDWLRQ￿ DQG￿
WUDQVIRUPDWLRQ￿SURFHGXUHV￿￿LW￿PD\￿EH￿QHFHVVDU\￿WR￿LPSURYH￿WKH￿PHWKRGV￿GHVFULEHG￿
LQ￿WKH￿SUHVHQW￿ZRUN￿￿,Q￿WKH￿FDVH￿RI￿LQ￿YLWUR￿UHJHQHUDWLRQ￿VFUHHQLQJ￿GLYHUVH￿FXOWLYDUV￿
WR￿ LGHQWLI\￿ EHWWHU￿ UHVSRQGLQJ￿ RQHV￿ VKRXOG￿ VXIILFH￿ WR￿ DFKLHYH￿ KLJK￿ IUHTXHQF\￿
UHJHQHUDWLRQ￿￿+RZHYHU￿￿WKH￿UHJHQHUDWLRQ￿SURWRFRO￿LQ￿LWV￿SUHVHQW￿IRUP￿FRXOG￿EH￿XVHG￿
WR￿LQLWLDWH￿WUDQVIRUPDWLRQ￿H[SHULPHQWV￿DQG￿IXUWKHU￿RSWLPL]DWLRQ￿DWWHPSWHG￿￿)ORUDO￿
WUDQVIRUPDWLRQ￿E\￿SROOHQ￿LQILOWUDWLRQ￿DQG￿$JUREDFWHULXP￿VXVSHQVLRQ￿GURS￿PHWKRGV￿
QHHG￿ IXUWKHU￿ LQYHVWLJDWLRQ￿ RI￿ WKH￿ SDUDPHWHUV￿ WHVWHG￿ LQ￿ WKLV￿ ZRUN￿ XVLQJ￿ PRUH￿
V\VWHPDWLF￿DQDO\VLV￿WKDW￿ZRXOG￿XQYHLO￿LQWHUDFWLRQV￿DPRQJ￿WKH￿YDULRXV￿IDFWRUV￿￿,Q￿WKLV￿
ZD\￿ LW￿ ZLOO￿ EH￿ SRVVLEOH￿ WR￿ VSHOO￿ RXW￿ WKH￿ RSWLPDO￿ ZRUNLQJ￿ FRQGLWLRQV￿ IRU￿ WKHVH￿
PHWKRGV￿￿)XUWKHU￿￿ZLWK￿WKH￿SROOHQ￿LQILOWUDWLRQ￿PHWKRG￿￿LW￿ZLOO￿EH￿LQWHUHVWLQJ￿WR￿NQRZ￿￿￿ ￿ ￿
LI￿DGMXVWPHQWV￿WR￿WKH￿FRPSRVLWLRQ￿RI￿WKH￿SROOHQ￿JHUPLQDWLRQ￿PHGLXP￿FRXOG￿LPSURYH￿
WKH￿HIILFLHQF\￿RI￿WKH￿PHWKRG￿￿￿
7KHUH￿DUH￿PDQ\￿RWKHU￿WUDLWV￿RI￿LQWHUHVW￿VXFK￿DV￿UHVLVWDQFH￿WR￿GLVHDVHV￿DQG￿SHVWV￿
WKDW￿QHHG￿WR￿EH￿LQWURGXFHG￿LQWR￿VHVDPH￿￿7KH￿XVH￿RI￿JHQH￿WHFKQRORJ\￿ZLOO￿IDFLOLWDWH￿
WKH￿GHYHORSPHQW￿RI￿VHVDPH￿OLQHV￿KDYLQJ￿VXFK￿GHVLUDEOH￿FKDUDFWHULVWLFV￿￿
5HIHUHQFHV￿
$KPHG￿￿0￿￿(￿￿+￿￿￿￿￿￿￿￿6HVDPH￿UHVHDUFK￿LQ￿6XGDQ￿￿,Q￿2LO￿&URSV￿￿6HVDPH￿DQG￿6XQIORZHU￿
6XE￿QHWZRUN￿￿SS￿￿￿￿￿￿￿￿￿(G￿￿$￿￿0RUDQ￿￿￿3URFHHGLQJV￿RI￿WKH￿MRLQW￿￿QG￿ZRUNVKRS￿￿￿￿￿WK￿
6HSWHPEHU￿￿￿￿￿￿￿&DLUR￿(J\SW￿￿
$QRQ￿￿ ￿￿￿￿￿￿ &RQFOXVLRQV￿ DQG￿ UHFRPPHQGDWLRQV￿￿ ,Q￿ 6HVDPH￿ DQG￿ 6DIIORZHU￿￿ VWDWXV￿ DQG￿
SRWHQWLDO￿￿SS￿￿￿￿￿￿￿￿￿￿￿(G￿￿$￿￿$VKUL￿￿￿)$2￿3ODQW￿3URWHFWLRQ￿3DSHU￿1R￿￿￿￿￿￿5RPH￿￿
$VKUL￿￿$￿￿￿￿￿￿￿￿6HVDPH￿￿,Q￿￿2LO￿&URSV￿RI￿WKH￿:RUOG￿￿WKHLU￿EUHHGLQJ￿DQG￿XWLOL]DWLRQ￿￿￿(GV￿￿*￿￿
5|EEHOHQ￿￿5￿￿.￿￿'RZQH\￿￿￿$￿￿$VKUL￿￿￿￿0F*UDZ￿+LOO￿￿1<￿￿SS￿￿￿￿￿￿￿￿￿￿
$VKUL￿￿$￿￿￿￿￿￿￿￿6HVDPH￿%UHHGLQJ￿￿,Q￿￿3ODQW￿EUHHGLQJ￿UHYLHZV￿9RO￿￿￿￿￿￿￿(G￿￿-￿￿-DQLFN￿￿￿-RKQ￿
:LOH\￿DQG￿6RQV￿￿6RPHUVHW￿￿1-￿￿SS￿￿￿￿±￿￿￿￿￿
$\LHFKR￿￿ 3￿￿ 2￿￿ ￿￿ 1\DEXQGL￿￿ -￿￿ 2￿￿ ￿￿￿￿￿￿ 6HVDPH￿ PXWDWLRQ￿ EUHHGLQJ￿ LQ￿ .HQ\D￿￿, Q ￿ ￿
3URFHHGLQJV￿RI￿WKH￿1DWLRQDO￿+RUWLFXOWXUH￿6HPLQDU￿RQ￿3URJUHVV￿DQG￿3URVSHFWV￿RI￿.HQ\D￿V￿
KRUWLFXOWXUDO￿GHYHORSPHQW￿WRZDUGV￿WKH￿\HDU￿￿￿￿￿￿DQG￿EH\RQG￿￿￿(GV￿￿6￿*￿￿$JRQJ￿￿/￿￿6￿￿
:DPRFKR￿￿￿)￿￿.￿￿2PEZDUD￿￿￿'HSDUWPHQW￿RI￿+RUWLFXOWXUH￿￿-RPR￿.HQ\DWWD￿8QLYHUVLW\￿RI￿
$JULFXOWXUH￿DQG￿7HFKQRORJ\￿￿￿￿
WK￿￿￿
VW￿-DQXDU\￿￿￿￿￿￿￿1DLUREL￿￿.HQ\D￿￿
%DWUD￿￿$￿￿￿'KLQJUD￿￿0￿￿￿￿*RJQD￿￿5￿￿￿￿￿￿￿￿,QGXFWLRQ￿RI￿GLYHUVLILHG￿URRW￿V\VWHP￿LQ￿LQ￿YLWUR￿
FXOWXUHV￿RI￿6HVDPXP￿LQGLFXP￿/￿￿-RXUQDO￿RI￿SK\WRORJLFDO￿UHVHDUFK￿￿￿￿￿￿￿￿￿￿￿
%D\GDU￿￿+￿￿￿7XUJXW￿￿,￿￿￿￿7XUJXW￿￿.￿￿￿￿￿￿￿￿9DULDWLRQ￿RI￿FHUWDLQ￿FKDUDFWHUV￿DQG￿OLQH￿VHOHFWLRQ￿
IRU￿ \LHOG￿￿ RLO￿￿ ROHLF￿ DQG￿ OLQROHLF￿ DFLGV￿ LQ￿ WKH￿ 7XUNLVK￿ VHVDPH￿ ￿6HVDPXP￿ LQGLFXP￿ /￿￿￿
SRSXODWLRQV￿￿7XUNLVK￿MRXUQDO￿RI￿DJULFXOWXUH￿DQG￿IRUHVWU\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
%HGLJLDQ￿￿'￿￿￿￿+DUODQ￿￿-￿￿5￿￿￿￿￿￿￿￿(YLGHQFH￿IRU￿FXOWLYDWLRQ￿RI￿VHVDPH￿LQ￿WKH￿DQFLHQW￿ZRUOG￿￿
(FRQRPLF￿ERWDQ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
%HGLJLDQ￿￿'￿￿￿￿￿￿￿￿(YROXWLRQ￿RI￿VHVDPH￿UHYLVLWHG￿￿GRPHVWLFDWLRQ￿￿GLYHUVLW\￿DQG￿SURVSHFWV￿
*HQHWLF￿UHVRXUFHV￿DQG￿FURS￿HYROXWLRQ￿￿￿￿￿￿￿￿￿￿￿￿￿￿
%HGLJLDQ￿￿'￿￿￿￿￿￿￿￿+LVWRU\￿DQG￿/RUH￿RI￿6HVDPH￿LQ￿6RXWKZHVW￿$VLD￿￿(FRQRPLF￿ERWDQ\￿￿￿￿￿
￿￿￿￿￿￿￿￿￿
%HOD\QHK￿￿+￿￿￿:H\HVVD￿￿%￿￿￿￿8UDJH￿￿(￿￿￿￿￿￿￿￿,Q￿2LO￿&URSV￿￿6HVDPH￿DQG￿6XQIORZHU￿6XE￿
QHWZRUN￿￿ SS￿ ￿￿￿￿￿￿￿ ￿(G￿￿ $￿￿ 2PUDQ￿￿￿ 3URFHHGLQJV￿ RI￿ MRLQW￿ ￿QG￿ ZRUNVKRS￿ ￿￿￿￿WK￿
6HSWHPEHU￿￿￿￿￿￿￿&DLUR￿(J\SW￿￿
%KDWWDFKDU\\D￿￿6￿￿￿%KDWWDFKDU\\D￿￿'￿￿.￿￿￿￿'H￿%￿￿.￿￿￿￿￿￿￿￿0RGLILFDWLRQ￿RI￿WDOORZ￿IUDFWLRQV￿
LQ￿ WKH￿ SUHSDUDWLRQ￿ RI￿ HGLEOH￿ IDW￿ SURGXFWV￿￿ (XURSHDQ￿ MRXUQDO￿ RI￿ OLSLG￿ VFLHQFH￿ DQG￿
WHFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
%UDU￿￿ *￿￿ 6￿￿ ￿￿￿￿￿￿ 9DULDELOLW\￿ LQ￿ WKH￿ IDWW\￿ DFLG￿ FRPSRVLWLRQ￿ RI￿ VHVDPH￿ VHHG￿ ￿6HVDPXP￿
LQGLFXP￿/￿￿￿GXH￿WR￿WKH￿FDSVXOH￿SRVLWLRQ￿RQ￿WKH￿SODQW￿DQG￿WKH￿VHHG￿SRVLWLRQ￿LQ￿WKH￿FDSVXOH￿￿
&URS￿LPSURYHPHQW￿￿￿￿￿￿￿￿￿￿
%UDU￿￿*￿￿6￿￿￿￿￿￿￿￿￿9DULDWLRQV￿DQG￿FRUUHODWLRQV￿LQ￿RLO￿FRQWHQW￿DQG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿RI￿
VHVDPH￿￿,QGLDQ￿MRXUQDO￿RI￿DJULFXOWXUDO￿VFLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿
%URXQ￿￿3￿￿%RGGXOSDOOL￿￿6￿￿￿￿6RPPHUYLOOH￿￿&￿￿￿￿￿￿E￿￿$￿ELIXQFWLRQDO￿ROHDWH￿￿￿￿K\GUR[\ODVH￿￿
GHVDWXUDVH￿IURP￿/HVTXHUHOOD￿IHQGOHUL￿￿7KH￿SODQW￿MRXUQDO￿￿￿￿￿￿￿￿￿￿￿￿￿￿
%URXQ￿￿3￿￿￿6KDQNOLQ￿￿-￿￿￿:KLWWOH￿￿(￿￿￿￿6RPHUYLOOH￿￿&￿￿￿￿￿￿￿￿&DWDO\WLF￿SODVWLFLW\￿RI￿IDWW\￿DFLG￿
PRGLILFDWLRQ￿HQ]\PHV￿XQGHUO\LQJ￿FKHPLFDO￿GLYHUVLW\￿RI￿SODQW￿OLSLGV￿￿6FLHQFH￿￿￿￿￿￿￿￿￿±
￿￿￿￿￿￿
%XUWRQ￿￿-￿￿:￿￿￿0LOOHU￿￿-￿￿)￿￿9LFN￿￿%￿￿$￿￿￿6FDUWK￿￿5￿￿￿￿+ROEURRN￿￿&￿￿&￿￿￿￿￿￿￿￿$OWHULQJ￿IDWW\￿
DFLG￿FRPSRVLWLRQ￿LQ￿RLO￿VHHG￿FURSV￿￿SS￿￿￿￿￿￿￿￿￿,Q￿￿$GYDQFHV￿LQ￿$JURQRP\￿9RO￿￿￿￿￿￿(G￿￿
'￿￿/￿￿6SDUNV￿￿￿￿￿(OVHYLHU￿$FDGHPLF￿3UHVV￿￿$PVWHUGDP￿￿￿ ￿￿￿
&DKRRQ￿￿(￿￿%￿￿￿&DUOVRQ￿￿7￿￿-￿￿￿5LSS￿￿.￿￿*￿￿￿6FKZHLJHU￿￿%￿￿-￿￿￿&RRN￿￿*￿￿$￿￿￿￿+DOO￿￿6￿￿(￿￿
￿￿￿￿￿￿ %LRV\QWKHWLF￿ RULJLQ￿ RI￿ FRQMXJDWHG￿ GRXEOH￿ ERQGV￿￿ SURGXFWLRQ￿ RI￿ IDWW\￿ DFLG￿
FRPSRQHQWV￿RI￿KLJK￿YDOXH￿GU\LQJ￿RLOV￿LQ￿WUDQVJHQLF￿VR\EHDQ￿HPEU\RV￿￿3URFHHGLQJV￿RI￿WKH￿
QDWLRQDO￿DFDGHP\￿RI￿VFLHQFHV￿86$￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
&DKRRQ￿￿(￿￿%￿￿￿5LSS￿￿.￿￿*￿￿￿+DOO￿￿6￿￿(￿￿￿￿.LQQH\￿￿$￿￿-￿￿￿￿￿￿￿￿)RUPDWLRQ￿RI￿FRQMXJDWHG￿ ￿￿￿
￿￿￿GRXEOH￿ERQGV￿E\￿ ￿￿￿ROHLF￿DFLG￿GHVDWXUDVH￿UHODWHG￿HQ]\PHV￿￿￿ELRV\QWKHWLF￿RULJLQ￿RI￿
FDOHQGLF￿DFLG￿￿-RXUQDO￿RI￿ELRORJLFDO￿FKHPLVWU\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
&DUWHD￿￿0￿￿(￿￿￿0LJGDO￿￿0￿￿￿*DOOH￿￿$￿￿0￿￿￿3HOOHWLHU￿￿*￿￿￿￿*XHUFKH￿￿3￿￿￿￿￿￿￿￿&RPSDULVRQ￿RI￿
VHQVH￿ DQG￿ DQWLVHQVH￿ PHWKRGRORJLHV￿ IRU￿ PRGLI\LQJ￿ WKH￿ IDWW\￿ DFLG￿ FRPSRVLWLRQ￿ RI￿
$UDELGRSVLV￿WKDOLDQD￿RLOVHHG￿￿3ODQW￿VFLHQFH￿￿￿￿￿￿￿￿￿±￿￿￿￿￿
&DVDQRYD￿￿(￿￿￿9DOGpV￿￿$￿￿(￿￿￿)HUQiQGH]￿￿%￿￿￿0R\VVHW￿￿/￿￿￿￿7ULOODV￿￿0￿￿,￿￿￿￿￿￿￿￿/HYHOV￿DQG￿
LPPXQRORFDOL]DWLRQ￿ RI￿ HQGRJHQRXV￿ F\WRNLQLQV￿ LQ￿ WKLGLD]XURQ￿LQGXFHG￿ VKRRW￿
RUJDQRJHQHVLV￿LQ￿FDUQDWLRQ￿￿-RXUQDO￿RI￿SODQW￿SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
&KLPEL￿￿-￿￿<￿￿￿￿.DILULWL￿￿(￿￿0￿￿￿￿￿￿￿￿6FRSH￿RI￿6HVDPH￿￿6HVDPXP￿LQGLFXP￿/￿￿￿UHVHDUFK￿LQ￿
7DQ]DQLD￿￿,Q￿2LO￿&URSV￿￿6HVDPH￿DQG￿6XQIORZHU￿6XE￿QHWZRUN￿￿SS￿￿￿￿￿￿￿￿￿(G￿￿$￿￿2PUDQ￿￿￿
3URFHHGLQJV￿RI￿WKH￿MRLQW￿￿QG￿ZRUNVKRS￿￿￿￿￿WK￿6HSWHPEHU￿￿￿￿￿￿￿&DLUR￿(J\SW￿￿
&KXQJ￿￿&￿￿+￿￿￿<HH￿￿<￿￿-￿￿￿.LP￿￿'￿￿+￿￿￿.LP￿￿+￿￿.￿￿￿￿&KXQJ￿￿'￿￿6￿￿￿￿￿￿￿￿&KDQJHV￿RI￿OLSLG￿￿
SURWHLQ￿￿51$￿DQG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿LQ￿GHYHORSLQJ￿VHVDPH￿￿6HVDPXP￿LQGLFXP￿/￿￿￿
VHHGV￿￿3ODQW￿VFLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
&KXQJ￿￿0￿￿+￿￿￿&KHQ￿￿0￿￿.￿￿￿￿3DQ￿￿6￿￿0￿￿￿￿￿￿￿￿)ORUDO￿VSUD\￿WUDQVIRUPDWLRQ￿FDQ￿HIILFLHQWO\￿
JHQHUDWH￿$UDELGRSVLV￿WUDQVJHQLF￿SODQWV￿￿7UDQVJHQLF￿UHVHDUFK￿￿￿￿￿￿￿±￿￿￿￿￿
&ORXJK￿￿6￿￿￿￿%HQW￿￿$￿￿￿￿￿￿￿￿)ORUDO￿GLS￿￿D￿VLPSOLILHG￿PHWKRG￿IRU￿$JUREDFWHULXP￿PHGLDWHG￿
WUDQVIRUPDWLRQ￿RI￿$UDELGRSVLV￿WKDOLDQD￿￿7KH￿SODQW￿MRXUQDO￿￿￿￿￿￿￿￿±￿￿￿￿￿
&XUWLV￿￿,￿￿6￿￿￿￿1DP￿￿+￿￿*￿￿￿￿￿￿￿￿7UDQVJHQLF￿UDGLVK￿￿5DSKDQXV￿VDWLYXV￿/￿￿ORQJLSLQQDWXV￿
%DLOH\￿￿ E\￿ IORUDO￿GLS￿ PHWKRG￿￿ SODQW￿ GHYHORSPHQW￿ DQG￿ VXUIDFWDQW￿ DUH￿ LPSRUWDQW￿ LQ￿
RSWLPLVLQJ￿WUDQVIRUPDWLRQ￿HIILFLHQF\￿￿7UDQVJHQLF￿UHVHDUFK￿￿￿￿￿￿￿￿±￿￿￿￿￿
'DEDX]D￿￿0￿￿￿￿3HQD￿￿/￿￿￿￿￿￿￿￿5HVSRQVH￿RI￿VZHHW￿SHSSHU￿￿&DSVLFXP￿DQQXXP￿/￿￿￿JHQRW\SHV￿
WR￿ $JUREDFWHULXP￿ WXPHIDFLHQV￿ DV￿ D￿ PHDQV￿ RI￿ VHOHFWLQJ￿ SURSHU￿ YHFWRUV￿ IRU￿ JHQHWLF￿
WUDQVIRUPDWLRQ￿￿-RXUQDO￿RI￿KRUWLFXOWXUDO￿VFLHQFH￿￿￿ELRWHFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿
'DKOTYLVW￿￿ $￿￿￿ 6WDKO￿￿ 8￿￿￿ /HQPDQ￿￿ 0￿￿￿ %DQDV￿￿ $￿￿￿ /HH￿￿ 0￿￿￿ 6DQGDJHU￿￿ /￿￿￿ 5RQQH￿￿ +￿￿ ￿￿
6W\PQH￿￿6￿￿￿￿￿￿￿￿3KRVSKROLSLG￿GLDF\OJO\FHURO￿DF\OWUDQVIHUDVH￿￿DQ￿HQ]\PH￿WKDW￿FDWDO\VHV￿
WKH￿DF\O￿&R$￿LQGHSHQGHQW￿IRUPDWLRQ￿RI￿WULDF\OJO\FHURO￿LQ￿\HDVW￿DQG￿SODQWV￿￿3URFHHGLQJV￿RI￿
WKH￿QDWLRQDO￿DFDGHP\￿RI￿VFLHQFHV￿86$￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
'DPJDDUG￿￿ 2￿￿￿ -HQVHQ￿￿ /￿￿ +￿￿ ￿￿ 5DVPXVVHQ￿￿ 2￿￿ 6￿￿ ￿￿￿￿￿￿ $JUREDFWHULXP￿ WXPHIDFLHQV￿
PHGLDWHG￿WUDQVIRUPDWLRQ￿RI￿%UDVVLFD￿QDSXV￿ZLQWHU￿FXOWLYDUV￿￿7UDQVJHQLF￿UHVHDUFK￿￿￿￿￿￿￿￿
￿￿￿￿￿
'D\￿￿-￿￿6￿￿￿￿￿￿￿￿'HYHORSPHQW￿DQG￿PDWXUDWLRQ￿RI￿VHVDPH￿VHHGV￿DQG￿FDSVXOHV￿￿)LHOG￿FURSV￿
UHVHDUFK￿￿￿￿￿￿￿￿￿￿
(JQLQ￿￿0￿￿￿0RUD￿￿$￿￿￿￿3UDNDVK￿￿&￿￿6￿￿￿￿￿￿￿￿)DFWRUV￿HQKDQFLQJ￿$JUREDFWHULXP￿WXPHIDFLHQV￿
PHGLDWHG￿ JHQH￿ WUDQVIHU￿ LQ￿ SHDQXW￿ ￿$UDFKLV￿ K\SRJDHD￿ /￿￿￿ ,Q￿ 9LWUR￿ FHOOXODU￿ ￿￿
GHYHORSPHQWDO￿ELRORJ\￿SODQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿
(QUtTXH]￿2EUHJyQ￿￿*￿￿$￿￿￿9i]TXH]￿SDGUyQ￿￿5￿￿,￿￿￿3ULHWR￿VDQVRQRY￿￿'￿￿/￿￿￿GH￿OD￿5LYD￿￿*￿￿$￿￿
￿￿6HOPDQ￿+RXVHLQ￿￿*￿￿￿￿￿￿￿￿+HUELFLGH￿UHVLVWDQW￿VXJDUFDQH￿￿6DFFKDUXP￿RIILFLQDUXP￿/￿￿￿
SODQWV￿E\￿$JUREDFWHULXP￿PHGLDWHG￿WUDQVIRUPDWLRQ￿￿3ODQWD￿￿￿￿￿￿￿￿￿￿￿￿￿
)$267$7￿ 'DWD￿￿ ￿￿￿￿￿￿ )RRG￿ DQG￿ $JULFXOWXUH￿ 2UJDQL]DWLRQ￿ RI￿ WKH￿ 8QLWHG￿ 1DWLRQV￿￿
6WDWLVWLFDO￿'DWDEDVH￿￿KWWS￿￿￿IDRVWDW￿IDR￿RUJ￿￿
)HOGPDQQ￿￿ .￿￿ $￿￿ ￿￿ 0DUNV￿￿ 0￿￿ '￿￿ ￿￿￿￿￿￿ $JUREDFWHULXP￿PHGLDWHG￿ WUDQVIRUPDWLRQ￿ RI￿
JHUPLQDWLQJ￿VHHGV￿RI￿$UDELGRSVLV￿WKDOLDQD￿￿D￿QRQ￿WLVVXH￿FXOWXUH￿DSSURDFK￿￿0RHFXODU￿DQG￿
JHQHUDO￿JHQHWLFV￿￿￿￿￿￿￿±￿￿￿
)ODJHOOD￿￿=￿￿￿5RWXQQR￿￿7￿￿￿7DUDQWLQR￿￿(￿￿￿'L￿&DWHULQD￿￿$￿￿￿￿'H￿&DUR￿￿$￿￿￿￿￿￿￿￿￿&KDQJHV￿LQ￿
VHHG￿\LHOG￿DQG￿RLO￿IDWW\￿DFLG￿FRPSRVLWLRQ￿RI￿KLJK￿ROHLF￿VXQIORZHU￿￿+HOLDQWKXV￿DQQXXV￿/￿￿￿
K\EULGV￿LQ￿UHODWLRQ￿WR￿WKH￿VRZLQJ￿GDWH￿DQG￿ZDWHU￿UHJLPH￿￿(XURSHDQ￿MRXUQDO￿RI￿DJURQRP\￿
￿￿￿￿￿￿￿￿￿￿￿￿￿
)UDQN￿￿ -￿￿ ￿￿￿￿￿￿ %H\RQG￿ YLWDPLQ￿ (￿ VXSSOHPHQWDWLRQ￿￿ $Q￿ DOWHUQDWLYH￿ VWUDWHJ\￿ WR￿ LPSURYH￿
YLWDPLQ￿(￿VWDWXV￿￿-RXUQDO￿RI￿SODQW￿SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
*DQHVK￿￿5￿￿￿6KDUPD￿￿$￿￿￿-RVKL￿￿$￿￿1DQDZDWL￿￿*￿￿&￿￿￿￿6LPOyW￿￿0￿￿0￿￿￿￿￿￿￿￿&DOOXV￿FXOWXUHV￿
IURP￿VHVDPH￿VHHG￿H[SODQWV￿￿$QQDOV￿RI￿DJULFXOWXUDO￿UHVHDUFK￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿ ￿
*DQJRSDGK\D\￿￿*￿￿￿3RGGDU￿￿5￿￿￿￿*XSWD￿￿6￿￿￿￿￿￿￿￿0LFURSURSDJDWLRQ￿RI￿VHVDPH￿￿6HVDPXP￿
LQGLFXP￿/￿￿￿E\￿LQ￿YLWUR￿PXOWLSOH￿VKRRW￿SURGXFWLRQ￿IURP￿QRGDO￿H[SODQWV￿￿3K\WRPRUSKRORJ\￿
￿￿￿￿￿￿￿￿￿￿￿
*DR￿￿=￿￿=￿￿￿<LQJ￿￿'￿￿￿/LQ￿￿:￿￿;￿￿￿+XD￿￿&￿￿;￿￿￿￿<LQJ￿￿6￿￿0￿￿￿￿￿￿￿￿%UHHGLQJ￿VHVDPH￿OLQHV￿
ZLWK￿ KLJK￿ UHVLVWDQFH￿ LQWURGXFHG￿ ZLWK￿ IRUHLJQ￿ '1$￿ E\￿ WKH￿ SROOHQ￿ WXEH￿ SDWK￿￿ &KLQHVH￿
MRXUQDO￿RI￿RLO￿FURS￿VFLHQFH￿￿￿￿￿￿￿￿￿
*HRUJH￿￿ (￿￿ )￿￿ ￿￿￿￿￿￿ 3ODQW￿SURSDJDWLRQ￿E\￿7LVVXH￿&XOWXUH￿￿ 3DUW￿ ￿￿￿ 7KH￿ WHFKQRORJ\￿ ￿QG￿
HGLWLRQ￿￿([HUJHWLFV￿/LPLWHG￿￿(GLQJWRQ￿￿3S￿￿￿￿￿￿￿￿￿￿
*UHHQ￿￿$￿￿*￿￿￿￿￿￿￿￿$￿PXWDQW￿JHQRW\SH￿RI￿IOD[￿￿/LQXP￿XVLWDWLVVLPXP￿/￿￿￿FRQWDLQLQJ￿YHU\￿ORZ￿
OHYHOV￿RI￿OLQROHQLF￿DFLG￿LQ￿LWV￿VHHG￿RLO￿￿&DQDGLDQ￿MRXUQDO￿RI￿SODQW￿VFLHQFH￿￿￿￿￿￿￿￿±￿￿￿￿￿
+DOLORJOX￿￿.￿￿￿￿%DHQ]LJHU￿￿3￿￿6￿￿￿￿￿￿￿￿5HVSRQVH￿RI￿ZKHDW￿JHQRW\SHV￿WR￿$JUREDFWHULXP￿
WXPHIDFLHQV￿PHGLDWHG￿WUDQVIRUPDWLRQ￿￿&HUHDO￿UHVHDUFK￿FRPPXQLFDWLRQV￿￿￿￿￿￿￿￿￿￿￿￿￿￿
+DPLOWRQ￿￿&￿￿0￿￿￿￿￿￿￿￿$￿ELQDU\￿%$&￿V\VWHP￿IRU￿SODQW￿WUDQVIRUPDWLRQ￿ZLWK￿KLJK￿PROHFXODU￿
ZHLJKW￿'1$￿￿*HQH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
+DQVHQ￿￿*￿￿￿￿:ULJKW￿￿0￿￿6￿￿￿￿￿￿￿￿5HFHQW￿DGYDQFHV￿LQ￿WKH￿WUDQVIRUPDWLRQ￿RI￿SODQWV￿￿7UHQGV￿
LQ￿SODQW￿VFLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿
+DQVHQ￿￿*￿￿￿6KLOOLWR￿￿5￿￿'￿￿￿￿&KLOWRQ￿￿0￿￿'￿￿￿￿￿￿￿￿7￿VWUDQG￿LQWHJUDWLRQ￿LQ￿PDL]H￿SURWRSODVWV￿
DIWHU￿FRGHOLYHU\￿RI￿D￿7￿'1$￿VXEVWUDWH￿DQG￿YLUXOHQFH￿JHQHV￿￿3URFHHGLQJV￿RI￿WKH￿QDWLRQDO￿
DFDGHP\￿RI￿VFLHQFHV￿86$￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
+DZNLQV￿￿ '￿￿ -￿￿ ￿￿ .ULGO￿￿ -￿￿ &￿￿ ￿￿￿￿￿￿ &KDUDFWHUL]DWLRQ￿ RI￿ DF\O￿$&3￿ WKLRHVWHUDVHV￿ RI￿
PDQJRVWHHQ￿ ￿*DUFLQLD￿ PDQJRVWDQD￿￿ VHHG￿ DQG￿ KLJK￿ OHYHOV￿ RI￿ VWHDUDWH￿ SURGXFWLRQ￿ LQ￿
WUDQVJHQLF￿FDQROD￿￿7KH￿SODQW￿MRXUQDO￿￿￿￿￿￿￿￿±￿￿￿￿￿
+HOOHQV￿￿5￿￿￿0XOOLQHDX[￿￿3￿￿￿￿.OHH￿￿+￿￿￿￿￿￿￿￿$￿JXLGH￿WR￿$JUREDFWHULXP￿ELQDU\￿7L￿YHFWRUV￿￿
7UHQGV￿LQ￿SODQW￿VFLHQFH￿￿￿￿￿￿±￿￿￿￿￿
+HZH]L￿￿7￿￿￿3HUUDXOW￿￿$￿￿￿$OLEHUW￿￿*￿￿￿￿.DOOHUKRII￿￿-￿￿￿￿￿￿￿￿'HK\GUDWLQJ￿LPPDWXUH￿HPEU\R￿
VSOLW￿ DSLFHV￿ DQG￿ UHK\GUDWLQJ￿ ZLWK￿ $JUREDFWHULXP￿ WXPHIDFLHQV￿ ￿$ ￿Q H Z ￿P H W K R G ￿I R U ￿
JHQHWLFDOO\￿ WUDQVIRUPLQJ￿ UHFDOFLWUDQW￿ VXQIORZHU￿￿ 3ODQW￿ PROHFXODU￿ ELRORJ\￿ UHSRUWHU￿ ￿￿￿￿
￿￿￿￿￿￿￿￿￿
+LEDVDPL￿￿+￿￿￿)XMLNDZD￿￿7￿￿￿7DNHGD￿￿+￿￿￿1LVKLEH￿￿6￿￿￿6DWRK￿￿7￿￿￿)XMLVDZD￿￿7￿￿￿￿1DNDVKLPD￿￿
.￿￿￿ ￿￿￿￿￿￿ ,QGXFWLRQ￿ RI￿ DSRSWRVLV￿ E\￿ $FDQWKRSDQD[￿ VHQWLFRVXV￿ +$506￿ DQG￿ LWV￿
FRPSRQHQW￿￿ VHVDPLQ￿ LQ￿ KXPDQ￿ VWRPDFK￿ FDQFHU￿ .$72￿ ,,,￿ FHOOV￿￿ 2QFRORJ\￿ UHSRUWV￿ ￿￿￿
￿￿￿￿￿￿￿￿￿￿￿
+ROODQG￿￿-￿￿%￿￿￿)UH\￿￿.￿￿-￿￿￿￿+DPPRQG￿￿(￿￿*￿￿￿￿￿￿￿￿￿&RUUHODWHG￿UHVSRQVHV￿RI￿IDWW\￿DFLG￿
FRPSRVLWLRQ￿￿JUDLQ￿TXDOLW\￿DQG￿DJURQRPLF￿WUDLWV￿WR￿QLQH￿F\FOHV￿RI￿UHFXUUHQW￿VHOHFWLRQ￿IRU￿
LQFUHDVHG￿RLO￿FRQWHQW￿LQ￿RDW￿￿(XSK\WLFD￿￿￿￿￿￿￿￿￿￿￿￿￿
,EUDKLP￿￿ $￿￿ +￿￿ ￿￿￿￿￿￿ +LJKOLJKWV￿ RQ￿ LPSURYLQJ￿ 3URGXFWLRQ￿ RI￿ 6HVDPH￿ LQ￿ (J\SW￿￿ ,Q￿ 2LO￿
&URSV￿￿6HVDPH￿DQG￿6XQIORZHU￿6XE￿QHWZRUN￿￿SS￿￿￿￿￿￿￿￿￿(G￿￿$￿￿2PUDQ￿￿￿3URFHHGLQJV￿RI￿
WKH￿MRLQW￿￿QG￿ZRUNVKRS￿￿￿￿￿WK￿6HSWHPEHU￿￿￿￿￿￿￿&DLUR￿(J\SW￿￿
-DZRUVNL￿￿-￿￿￿￿&DKRRQ￿￿(￿￿%￿￿￿￿￿￿￿￿,QGXVWULDO￿RLOV￿IURP￿WUDQVJHQLF￿SODQWV￿￿&XUUHQW￿RSLQLRQ￿
LQ￿SODQW￿ELRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿
-LQ￿￿8￿￿+￿￿￿&KXQ￿￿-￿￿$￿￿￿+DQ￿￿0￿￿2￿￿￿/HH￿￿-￿￿:￿￿￿<L￿￿<￿￿%￿￿￿/HH￿￿6￿￿:￿￿￿￿&KXQJ￿￿&￿￿+￿￿￿￿￿￿￿￿
6HVDPH￿KDLU\￿URRW￿FXOWXUHV￿IRU￿H[WUD￿FHOOXODU￿SURGXFWLRQ￿RI￿D￿UHFRPELQDQW￿IXQJDO￿SK\WDVH￿￿
3URFHVV￿ELRFKHPLVWU\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
-LQ￿￿8￿￿+￿￿￿/HH￿￿-￿￿:￿￿￿&KXQJ￿￿<￿6￿￿￿/HH￿￿-￿￿+￿￿￿<L￿￿<￿￿%￿￿￿.LP￿￿<￿￿.￿￿￿+\XQJ￿￿1￿￿0￿￿￿3\HH￿￿
-￿￿+￿￿￿￿&KXQJ￿￿&￿￿+￿￿￿￿￿￿￿￿&KDUDFWHULVDWLRQ￿DQG￿WHPSRUDO￿H[SUHVVLRQ￿RI￿D￿RPHJD￿￿￿IDWW\￿
DFLG￿GHVDWXUDVH￿F'1$￿IURP￿VHVDPH￿￿6HVDPXP￿LQGLFXP￿/￿￿￿VHHGV￿￿3ODQW￿VFLHQFH￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿
-XQJ￿￿.￿￿0￿￿￿6KHRS￿￿6￿￿-￿￿￿+DQ￿￿&￿￿&￿￿￿+R￿￿3￿￿-￿￿￿,Q￿￿+￿￿1￿￿￿6XO￿￿6￿￿1￿￿￿+R￿￿&￿￿6￿￿￿￿&KXQJ￿￿6￿￿
0￿￿￿￿￿￿￿￿6HVDPH￿VHHG￿ELRWHFKQRORJ\￿￿7HPSRUDO￿DQG￿VHHG￿VSHFLILF￿UHJXODWLRQ￿RI￿D￿VHVDPH￿
￿6HVDPXP￿ LQGLFXP￿￿ PLFURVRPDO￿ ROHLF￿ DFLG￿ GHVDWXUDVH￿ ￿)$'￿￿￿ JHQH￿￿ ￿￿
WK￿ 3ODQW￿ /LSLG￿
V\PSRVLXP￿￿ ￿￿￿￿ -XQH￿ ￿￿￿￿￿￿ %XGDSHVW￿￿ +XQJDU\￿￿ 3URJDPPH￿ DQG￿ $EVWUDFWV￿ RI￿
SUHVHQWDWLRQV￿￿S￿￿￿￿￿
.DPDO￿(OGLQ￿￿ $￿￿ ￿￿ $SSHOTYLVW￿ /￿￿ c￿￿ ￿￿￿￿D￿￿ 9DULDWLRQ￿ LQ￿ IDWW\￿ DFLG￿ FRPSRVLWLRQ￿ RI￿WKH￿
GLIIHUHQW￿DF\O￿OLSLGV￿LQ￿VHHG￿RLOV￿IURP￿IRXU￿6HVDPXP￿VSHFLHV￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿RLO￿
FKHPLVWV￿￿VRFLHW\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿
.DPDO￿(OGLQ￿￿ $￿￿ ￿￿ $SSHOTYLVW￿ /￿￿ c￿￿ ￿￿￿￿E￿￿ 9DULDWLRQV￿ LQ￿ WKH￿ FRPSRVLWLRQ￿ RI￿ VWHUROV￿￿
WRFRSKHUROV￿DQG￿OLJQDQV￿LQ￿VHHG￿RLOV￿IURP￿IRXU￿6HVDPXP￿VSHFLHV￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿
RLO￿FKHPLVWV￿￿VRFLHW\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
.DPDO￿(OGLQ￿￿$￿￿￿<RXVLI￿￿*￿￿￿,VNDQGHU￿￿*￿￿0￿￿￿￿$SSHOTYLVW￿￿/￿￿c￿￿￿￿￿￿￿￿6HHG￿OLSLGV￿RI￿
6HVDPXP￿ LQGLFXP￿ /￿￿ DQG￿ UHODWHG￿ ZLOG￿ VSHFLHV￿ LQ￿ 6XGDQ￿ ,￿￿ )DWW\￿ $FLGV￿ DQG￿
7ULDF\OJO\FHUROV￿￿)DW￿VFLHQFH￿DQG￿WHFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
.KDQ￿￿ 0￿￿ 5￿￿￿ 5DVKLG￿￿ +￿￿￿ $QVDU￿￿ 0￿￿ ￿￿ &KDXGU\￿￿ =￿￿ ￿￿￿￿￿￿ +LJK￿ IUHTXHQF\￿ VKRRW￿
UHJHQHUDWLRQ￿ DQG￿ $JUREDFWHULXP￿PHGLDWHG￿ '1$￿ WUDQVIHU￿ LQ￿ &DQROD￿ ￿%UDVVLFD￿ QDSXV￿￿￿
3ODQW￿FHOO￿WLVVXH￿DQG￿RUJDQ￿FXOWXUH￿￿￿￿￿￿￿￿￿￿￿￿￿￿
.QXW]RQ￿￿'￿￿6￿￿￿7KRPSVRQ￿￿*￿￿$￿￿￿5DGNH￿￿6￿￿(￿￿￿-RKQVRQ￿￿:￿￿%￿￿￿.QDXI￿￿9￿￿&￿￿￿￿.ULGO￿￿-￿￿
&￿￿￿￿￿￿￿￿0RGLILFDWLRQ￿RI￿%UDVVLFD￿VHHG￿RLO￿E\￿DQWLVHQVH￿H[SUHVVLRQ￿RI￿D￿VWHDUR\O￿DF\O￿
FDUULHU￿SURWHLQ￿GHVDWXUDVH￿JHQH￿￿3URFHHGLQJV￿RI￿WKH￿QDWLRQDO￿DFDGHP\￿RI￿VFLHQFHV￿86$￿￿￿￿￿
￿￿￿￿±￿￿￿￿￿￿
.R￿￿7￿￿6￿￿￿1HOVRQ￿￿5￿￿/￿￿￿￿.RUEDQ￿￿6￿￿6￿￿￿￿￿￿￿￿6FUHHQLQJ￿PXOWLSOH￿VR\EHDQ￿FXOWLYDUV￿￿0*￿
￿￿￿ WR￿ 0*￿ 9,,,￿￿ IRU￿ VRPDWLF￿ HPEU\RJHQHVLV￿ IROORZLQJ￿ $JUREDFWHULXP￿PHGLDWHG￿
WUDQVIRUPDWLRQ￿RI￿LPPDWXUH￿FRW\OHGRQV￿￿&URS￿VFLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/DQJKDP￿￿'￿￿5￿￿￿￿:LHPHUV￿￿7￿￿￿￿￿￿￿￿3URJUHVV￿LQ￿PHFKDQL]LQJ￿VHVDPH￿LQ￿WKH￿86￿WKURXJK￿
EUHHGLQJ￿￿ SS￿￿ ￿￿￿±￿￿￿￿￿ ,Q￿￿ 7UHQGV￿ LQ￿ QHZ￿ FURSV￿ DQG￿ QHZ￿ XVHV￿ ￿(GV￿￿ -￿￿ -DQLFN￿ ￿￿ $￿￿
:KLSNH\￿￿￿$6+6￿3UHVV￿￿$OH[DQGULD￿￿9$￿￿
/DSLQVNDV￿￿3￿￿￿￿￿￿￿￿2LO￿FURSV￿IRU￿WKH￿SKDUPDFHXWLFDO￿LQGXVWU\￿￿3S￿￿￿￿￿￿￿￿￿￿,Q￿￿6HHG￿VWRUDJH￿
FRPSRXQGV￿￿ %LRV\QWKHVLV￿￿ ,QWHUDFWLRQV￿ DQG￿ PDQLSXODWLRQ￿ ￿(GV￿￿ 3￿￿ 5￿￿ 6KHZU\￿ ￿￿ .￿￿
6WREDUW￿￿￿3URFHHGLQJV￿RI￿WKH￿SK\WRFKHPLFDO￿VRFLHW\￿RI￿(XURSH￿9RO￿￿￿￿￿2[IRUG￿8QLYHUVLW\￿
3UHVV￿,QF￿￿1HZ￿<RUN￿￿,6%1￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/DVVQHU￿￿0￿￿:￿￿￿/DUGL]DEDO￿￿.￿￿￿￿￿0HW]￿￿￿-￿￿*￿￿￿￿￿￿￿￿$￿-RMRED￿3￿.HWRDF\O￿&2$￿6\QWKDVH￿
F'1$￿&RPSOHPHQWV￿WKH￿FDQROD￿IDWW\￿DFLG￿HORQJDWLRQ￿PXWDWLRQ￿LQ￿WUDQVJHQLF￿SODQWV￿￿3ODQW￿
FHOO￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/HH￿￿ 0￿￿￿ /HQPDQ￿￿ 0￿￿￿ %DQDV￿￿ $￿￿￿ %DIRU￿￿ 0￿￿￿ 6LQJK￿￿ 6￿￿￿ 6FKZHL]HU￿￿ 0￿￿￿ 1LOVVRQ￿￿ 5￿￿￿
/LOMLHQEHUJ￿￿&￿￿￿'DKOTYLVW￿￿$￿￿￿*XPPHVVRQ￿￿3￿￿2￿￿￿6M|GDKO￿￿6￿￿￿*UHHQ￿￿$￿￿￿￿6W\PQH￿￿6￿￿
￿￿￿￿￿￿ ,GHQWLILFDWLRQ￿ RI￿ QRQ￿KHPH￿ GLLURQ￿ SURWHLQV￿ WKDW￿ FDWDO\VH￿ WULSOH￿ ERQG￿ DQG￿ HSR[\￿
JURXS￿IRUPDWLRQ￿￿6FLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/HHODYDWKL￿￿6￿￿￿6XQQLFKDQ￿￿9￿￿*￿￿￿.XPULD￿￿5￿￿￿9LMD\NDQWK￿￿*￿￿3￿￿￿%KDWQDJDU￿￿5￿￿.￿￿￿￿5HGG\￿￿
9￿￿ 6￿￿ ￿￿￿￿￿￿ $￿ VLPSOH￿ DQG￿ UDSLG￿ $JUREDFWHULXP￿PHGLDWHG￿ WUDQVIRUPDWLRQ￿SURWRFRO￿IRU￿
FRWWRQ￿￿*RVV\SLXP￿KLUVXWXP￿/￿￿￿￿(PEU\RJHQLF￿FDOOL￿DV￿D￿VRXUFH￿WR￿JHQHUDWH￿ODUJH￿QXPEHUV￿
RI￿WUDQVJHQLF￿SODQWV￿￿3ODQW￿FHOO￿UHSRUWV￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/HPLHX[￿￿ %￿￿ 0￿￿ 0￿￿￿ 6RPHUYLOOH￿￿ &￿￿ ￿￿ %URZVH￿￿ -￿￿ ￿￿￿￿￿￿ 0XWDQWV￿ RI￿ $UDELGRSVLV￿ ZLWK￿
DOWHUDWLRQV￿LQ￿VHHG￿OLSLG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿￿7KHRUHWLFDO￿DQG￿DSSOLHG￿JHQHWLFV￿￿￿￿￿￿￿￿￿
￿￿￿￿￿
/L￿￿;￿￿￿:DQJ￿￿;￿￿'￿￿￿=KDR￿￿;￿￿￿￿'XWW￿￿<￿￿￿￿￿￿￿￿,PSURYHPHQW￿RI￿FRWWRQ￿ILEHU￿TXDOLW\￿E\￿
WUDQVIRUPLQJ￿WKH￿DFV$￿DQG￿DFV%￿JHQHV￿LQWR￿*RVV\SLXP￿KLUVXWXP￿/￿￿E\￿PHDQV￿RI￿YDFXXP￿
LQILOWUDWLRQ￿￿3ODQW￿FHOO￿UHSRUWV￿￿￿￿￿￿￿￿￿￿￿￿￿
/LX￿￿4￿￿￿6LQJK￿￿3￿￿6￿￿￿￿*UHHQ￿￿$￿￿*￿￿￿￿￿￿￿￿￿+LJK￿VWHDULF￿DQG￿KLJK￿ROHLF￿FRWWRQVHHG￿RLOV￿
SURGXFHG￿ E\￿ KDLUSLQ￿ 51$￿0HGLDWHG￿ 3RVW￿7UDQVFULSWLRQDO￿ *HQH￿ VLOHQFLQJ￿￿ 3ODQW￿
SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/RR￿￿)￿￿-￿￿￿%URXQ￿￿3￿￿￿7XUQHU￿￿6￿￿￿￿6RPHUYLOOH￿￿&￿￿5￿￿￿￿￿￿￿￿$Q￿ROHDWH￿￿￿￿K\GUR[\ODVH￿IURP￿
5LFLQXV￿FRPPXQLV￿/￿￿LV￿D￿IDWW\￿DF\O￿GHVDWXUDVH￿KRPRORJ￿￿3URFHHGLQJV￿RI￿WKH￿QDWLRQDO￿
FDGHP\￿RI￿VFLHQFHV￿￿86$￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
0DU\￿￿5￿￿-￿￿￿￿-D\DEDODQ￿￿1￿￿￿￿￿￿￿￿,QIOXHQFH￿RI￿JURZWK￿UHJXODWRUV￿RQ￿VRPDWLF￿HPEU\RJHQHVLV￿
LQ￿VHVDPH￿￿3ODQW￿FHOO￿WLVVXH￿DQG￿RUJDQ￿FXOWXUH￿￿￿￿￿￿￿￿￿￿￿￿
0L\DKDUD￿￿<￿￿￿+LEDVDPL￿￿+￿￿￿.DWVX]DNL￿￿+￿￿￿,PDL￿￿.￿￿￿￿.RPL\D￿￿7￿￿￿￿￿￿￿￿6HVDPROLQ￿IURP￿
VHVDPH￿VHHG￿LQKLELWV￿SUROLIHUDWLRQ￿E\￿LQGXFLQJ￿DSRSWRVLV￿LQ￿KXPDQ￿O\PSKRLG￿OHXNHPLD￿
0ROW￿￿%￿FHOOV￿￿,QWHUQDWLRQDO￿MRXUQDO￿RI￿PROHFXODU￿PHGLFLQH￿￿￿￿￿￿￿±￿￿￿￿￿
0|OOHUV￿￿&￿￿￿￿6FKLHUKROW￿￿$￿￿￿￿￿￿￿￿*HQHWLF￿YDULDWLRQ￿RI￿SDOPLWDWH￿DQG￿RLO￿FRQWHQW￿LQ￿D￿ZLQWHU￿
RLOVHHG￿UDSH￿GRXEOHG￿KDSORLG￿SRSXODWLRQ￿VHJUHJDWLQJ￿IRU￿ROHDWH￿FRQWHQW￿￿&URS￿6FLHQFH￿￿￿￿￿
￿￿￿￿￿￿￿￿￿
0RUULV￿￿ -￿￿ %￿￿ ￿￿￿￿￿￿ )RRG￿￿ LQGXVWULDO￿￿ QXWUDFHXWLFDO￿￿ DQG￿ SKDUPDFHXWLFDO￿ XVHV￿ RI￿ VHVDPH￿
JHQHWLF￿UHVRXUFHV￿￿SS￿￿￿￿￿±￿￿￿￿￿,Q￿￿7UHQGV￿LQ￿QHZ￿FURSV￿DQG￿QHZ￿XVHV￿￿(GV￿￿-￿￿-DQLFN￿￿￿
$￿￿:KLSNH\￿￿￿$6+6￿3UHVV￿￿$OH[DQGULD￿￿9$￿￿￿￿ ￿ ￿
0RVMLGLV￿￿-￿￿$￿￿￿￿<HUPDQRV￿￿'￿￿0￿￿￿￿￿￿￿￿3ODQW￿SRVLWLRQ￿HIIHFW￿RQ￿VHHG￿ZHLJKW￿￿RLO￿FRQWHQW￿
DQG￿RLO￿FRPSRVLWLRQ￿LQ￿VHVDPH￿￿6HVDPXP￿LQGLFXP￿￿￿(XSK\WLFD￿￿￿￿￿￿￿￿￿￿￿￿￿￿
0R]DIIDULDQ￿￿'￿￿￿3LVFKRQ￿￿7￿￿￿+DQNLQVRQ￿￿6￿￿(￿￿￿5LIDL￿￿1￿￿￿-RVKLSXUD￿￿.￿￿￿:LOOHWW￿￿:￿&￿￿￿￿
5LPP￿ (￿￿ %￿￿ ￿￿￿￿￿￿ 'LHWDU\￿ LQWDNH￿ RI￿ WUDQV￿ IDWW\￿ DFLGV￿ DQG￿ V\VWHPLF￿ LQIODPPDWLRQ￿ LQ￿
:RPHQ￿￿$PHULFDQ￿MRXUQDO￿RI￿FOLQLFDO￿QXWULWLRQ￿￿￿￿￿￿￿￿￿±￿￿￿￿￿
0XUDVKLJH￿￿7￿￿￿￿6NRRJ￿￿)￿￿￿￿￿￿￿￿$￿UHYLVHG￿PHGLXP￿IRU￿UDSLG￿JURZWK￿DQG￿ELRDVVD\V￿ZLWK￿
WREDFFR￿WLVVXH￿FXOWXUHV￿￿3K\VLRORJLD￿SODQWDUXP￿￿￿￿￿￿￿￿￿￿￿￿￿
0XUSK\￿￿'￿￿-￿￿￿￿￿￿￿￿3URGXFWLRQ￿RI￿QRYHO￿RLOV￿LQ￿SODQWV￿￿&XUUHQW￿RSLQLRQ￿LQ￿ELRWHFKQRORJ\￿
￿￿￿￿￿￿￿±￿￿￿￿￿
0XWKXVZDP\￿￿ 3￿￿ ￿￿ 7KDQJDYHOX￿￿ 6￿￿ ￿￿￿￿￿￿ &DSVXOH￿ SRVLWLRQ￿ DQG￿ PDWXULW\￿ VWDJH￿ RQ￿ VHHG￿
ZHLJKW￿￿RLO￿FRQWHQW￿DQG￿\LHOG￿LQ￿6HVDPXP￿JHQRW\SHV￿￿0DGUDV￿DJULFXOWXUDO￿MRXUQDO￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿
2KOURJJH￿￿-￿￿￿￿%URZVH￿￿-￿￿￿￿￿￿￿￿/LSLG￿ELRV\QWKHVLV￿￿3ODQW￿FHOO￿￿￿￿￿￿￿￿￿￿￿￿￿
2NXOH\￿￿-￿￿￿/LJKWQHU￿￿-￿￿￿)HOGPDQQ￿￿.￿￿￿<DGDY￿￿1￿￿￿/DUN￿￿(￿￿￿￿%URZVH￿￿-￿￿￿￿￿￿￿￿$UDELGRSVLV￿
)$'￿￿JHQH￿HQFRGHV￿WKH￿HQ]\PH￿WKDW￿LV￿HVVHQWLDO￿IRU￿SRO\XQVDWXUDWHG￿OLSLG￿V\QWKHVLV￿￿3ODQW￿
FHOO￿￿￿￿￿￿￿￿￿￿￿￿￿
2PUDQ￿￿$￿￿￿￿￿￿￿￿￿6HVDPH￿JHQHWLF￿UHVRXUFHV￿￿&ROOHFWLRQ￿￿HYDOXDWLRQ￿DQG￿FRQVHUYDWLRQ￿￿Q￿2LO￿
&URSV￿￿6HVDPH￿DQG￿6XQIORZHU￿6XE￿QHWZRUN￿￿SS￿￿￿￿￿￿￿(G￿￿$￿￿2PUDQ￿￿￿3URFHHGLQJV￿RI￿MRLQW￿
WKH￿￿QG￿ZRUNVKRS￿￿￿￿￿WK￿6HSWHPEHU￿￿￿￿￿￿￿&DLUR￿(J\SW￿￿
2SOLQJHU￿￿(￿￿6￿￿￿3XWQDP￿￿'￿￿+￿￿￿.DPLQVNL￿￿$￿￿5￿￿￿+DQVRQ￿￿&￿￿9￿￿￿2HONH￿￿(￿￿$￿￿￿6FKXOWH￿￿(￿￿(￿￿
￿￿'ROO￿￿-￿￿'￿￿￿￿￿￿￿￿6HVDPH￿￿$OWHUQDWLYH￿ILHOG￿FURSV￿PDQXDO￿￿8QLYHUVLW\￿RI￿:LVFRQVLQ￿
([WHQVLRQ￿￿ :LVFRQVLQ￿ DQG￿ 8QLYHUVLW\￿ RI￿ 0LQQHVRWD￿￿ 0DGLVRQ￿￿ 6W￿￿ 3DXO￿￿ 01￿￿
KWWS￿￿￿ZZZ￿KRUW￿SHUGXH￿HGX￿QHZFURS￿DIFP￿LQGH[KWPO￿￿
3DWKLUDQD￿￿ 5￿￿ ￿￿￿￿￿￿ 1DWXUDO￿ FURVV￿SROOLQDWLRQ￿ LQ￿ VHVDPH￿ ￿6HVDPXP￿ LQGLFXP￿ /￿￿￿￿ 3ODQW￿
EUHHGLQJ￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
3IDKOHU￿￿3￿￿/￿￿￿3HUHLUD￿￿0￿￿-￿￿￿￿%DUQHW￿￿5￿￿'￿￿￿￿￿￿￿￿*HQHWLF￿YDULDWLRQ￿IRU￿LQ￿YLWUR￿VHVDPH￿
SROOHQ￿JHUPLQDWLRQ￿DQG￿WXEH￿JURZWK￿￿7KHRUHWLFDO￿DQG￿DSSOLHG￿JHQHWLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
5DP￿￿5￿￿￿&DWOLQ￿￿'￿￿￿5RPHUR￿￿-￿￿￿￿&RZOH\￿￿&￿￿￿￿￿￿￿￿6HVDPH￿￿1HZ￿DSSURDFKHV￿IRU￿FURS￿
LPSURYHPHQW￿￿SS￿￿￿￿￿￿￿￿￿￿￿,Q￿￿$GYDQFHV￿LQ￿QHZ￿FURSV￿￿(GV￿￿-￿￿-DQLFN￿￿￿-￿￿(￿￿6LPRQ￿￿￿
7LPEHU￿3UHVV￿￿3RUWODQG￿￿
5DPDJH￿￿ &￿￿ 0￿￿ ￿￿ :LOOLDPV￿￿ 5￿￿ 5￿￿ ￿￿￿￿￿￿ ,QRUJDQLF￿ QLWURJHQ￿ UHTXLUHPHQWV￿ GXULQJ￿ VKRRW￿
RUJDQRJHQHVLV￿LQ￿WREDFFR￿OHDI￿GLVFV￿￿-RXUQDO￿RI￿H[SHULPHQWDO￿ERWDQ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
5DR￿￿ .￿￿ 5￿￿ ￿￿ 9DLG\DQDWK￿￿ .￿￿ ￿￿￿￿￿￿ &DOOXV￿ LQGXFWLRQ￿ DQG￿ PRUSKRJHQHVLV￿ LQ￿ VHVDPH￿
￿6HVDPXP￿LQGLFXP￿/￿￿￿￿$GYDQFHV￿LQ￿SODQW￿VFLHQFHV￿￿￿￿￿￿￿￿￿￿￿￿￿
5RMDV￿%DUURV￿￿3￿￿￿+DUR￿￿$￿￿￿0XxR]￿￿-￿￿￿￿)HUQiQGH]￿0DUWLQH]￿￿-￿￿0￿￿￿￿￿￿￿￿,VRODWLRQ￿RI￿D￿
1DWXUDO￿0XWDQW￿LQ￿&DVWRU￿ZLWK￿+LJK￿2OHLF￿/RZ￿5LFLQROHLF￿$FLG￿&RQWHQW￿LQ￿WKH￿2LO￿￿&URS￿
VFLHQFH￿￿￿￿￿￿￿±￿￿￿￿
6DPEURRN￿￿-￿￿￿)ULWVFK￿￿(￿￿)￿￿￿￿0DQLDWLV￿￿7￿￿￿￿￿￿￿￿0ROHFXODU￿FORQLQJ￿￿D￿ODERUDWRU\￿PDQXDO￿
￿￿
QG￿HGLWLRQ￿￿￿&ROG￿6SULQJ￿+DUERU￿/DERUDWRU\￿3UHVV￿￿&ROG￿6SULQJ￿+DUERU￿￿1<￿￿￿
6DQNDU￿￿'￿￿￿6DPEDQGDP￿￿*￿￿￿5DR￿￿0￿￿5￿￿￿￿3XJDOHQGL￿￿.￿￿9￿￿￿￿￿￿￿￿￿,PSDFW￿RI￿VHVDPH￿RLO￿RQ￿
QLIHGLSLQH￿LQ￿PRGXODWLQJ￿R[LGDWLYH￿VWUHVV￿DQG￿HOHFWURO\WHV￿LQ￿K\SHUWHQVLYH￿SDWLHQWV￿￿$VLD￿
3DFLILF￿MRXUQDO￿RI￿FOLQLFDO￿QXWULWLRQ￿￿￿￿￿￿￿￿￿￿
6KRX￿￿+￿￿￿3DOPHU￿￿5￿￿*￿￿￿￿:DQJ￿￿.￿￿￿￿￿￿￿￿,UUHSURGXFLELOLW\￿RI￿WKH￿VR\EHDQ￿SROOHQ￿WXEH￿
SDWKZD\￿WUDQVIRUPDWLRQ￿SURFHGXUH￿￿3ODQW￿PROHFXODU￿ELRORJ\￿UHSRUWHU￿￿￿￿￿￿￿￿￿￿￿￿￿￿
6LQJK￿￿6￿￿￿7KRP†XV￿￿6￿￿￿/HH￿￿0￿￿￿6W\PQH￿￿6￿￿￿￿*UHHQ￿￿$￿￿￿￿￿￿￿￿7UDQVJHQLF￿H[SUHVVLRQ￿RI￿D￿
￿￿￿HSR[\JHQDVH￿JHQH￿LQ￿$UDELGRSVLV￿VHHGV￿LQKLELWV￿DFFXPXODWLRQ￿RI￿OLQROHLF￿DFLG￿￿3ODQWD￿
￿￿￿￿￿￿￿￿±￿￿￿￿￿
6LQJK￿￿ 9￿￿ ￿￿ &KDXKDQ￿ 6￿￿ 9￿￿ 6￿￿ ￿￿￿￿￿￿ %XG￿ SROOLQDWLRQ￿ DQG￿ K\EULG￿ VHHG￿ SURGXFWLRQ￿ LQ￿
GHWHUJHQW￿LQGXFHG￿PDOH￿VWHULOH￿SODQWV￿RI￿%UDVVLFD￿MXQFHD￿￿3ODQW￿EUHHGLQJ￿￿￿￿￿￿￿￿￿￿￿￿￿￿
6ODEDV￿￿$￿￿5￿￿￿6LPRQ￿￿-￿￿:￿￿￿￿%URZQ￿￿$￿￿3￿￿￿￿￿￿￿￿%LRV\QWKHVLV￿DQG￿UHJXODWLRQ￿RI￿IDWW\￿DFLGV￿
DQG￿WULJO\FHULGHV￿LQ￿RLO￿VHHG￿UDSH￿￿&XUUHQW￿VWDWXV￿DQG￿IXWXUH￿WUHQGV￿￿(XURSHDQ￿MRXUQDO￿RI￿
OLSLG￿VFLHQFH￿DQG￿WHFKQRORJ\￿￿￿￿￿￿￿￿￿±￿￿￿￿￿
6WDKO￿￿8￿￿￿&DUOVVRQ￿￿$￿￿￿/HQPDQ￿￿0￿￿￿'DKOTYLVW￿￿$￿￿￿+XDQJ￿￿%￿￿￿%DQDV￿￿:￿￿￿%DQDV￿￿$￿￿￿￿
6W\PQH￿6￿￿￿￿￿￿￿￿&ORQLQJ￿DQG￿IXQFWLRQDO￿FKDUDFWHUL]DWLRQ￿RI￿D￿SKRVSKROLSLG￿GLDF\OJO\FHURO￿
DF\OWUDQVIHUDVH￿IURP￿$UDELGRSVLV￿￿3ODQW￿SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿
6WRXWMHVGLMN￿￿3￿￿$￿￿￿6LQJK￿￿6￿￿3￿￿￿/LX￿￿4￿￿￿+XUOVWRQH￿￿&￿￿-￿￿￿:DWHUKRXVH￿￿3￿￿$￿￿￿￿*UHHQ￿￿$￿￿*￿￿
￿￿￿￿￿￿KS51$￿PHGLDWHG￿WDUJHWLQJ￿RI￿WKH￿$UDELGRSVLV￿)$'￿￿JHQH￿JLYHV￿KLJKO\￿HIILFLHQW￿
DQG￿VWDEOH￿VLOHQFLQJ￿￿3ODQW￿3K\VLRORJ\￿￿￿￿￿￿￿￿￿￿±￿￿￿￿￿￿
6W\PQH￿￿6￿￿￿￿$SSHOTYLVW￿￿/￿￿$￿￿￿￿￿￿￿￿7KH￿ELRV\QWKHVLV￿RI￿OLQROHDWH￿IURP￿ROHR\O￿&R$￿YLD￿
ROHR\O￿￿ SKRVSKDWLG\OFKROLQH￿ LQ￿ PLFURVRPHV￿ RI￿ GHYHORSLQJ￿ VDIIORZHU￿ VHHGV￿￿ (XURSHDQ￿
MRXUQDO￿RI￿ELRFKHPLVWU\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
7DJXH￿￿ %￿￿ :￿￿ ￿￿￿￿￿￿ *HUP￿OLQH￿ WUDQVIRUPDWLRQ￿ RI￿ $UDELGRSVLV￿ ODVLRFDUSD￿￿ 7UDQVJHQLF￿
UHVHDUFK￿￿￿￿￿￿￿￿￿￿￿￿￿￿
7D˙NLQ￿ .￿￿ 0￿￿￿ (UFDQ￿￿ $￿￿ *￿￿ ￿￿ 7XUJXW￿￿ .￿￿ ￿￿￿￿￿￿ $JUREDFWHULXP￿ WXPHIDFLHQV￿PHGLDWHG￿
WUDQVIRUPDWLRQ￿RI￿VHVDPH￿￿6HVDPXP￿LQGLFXP￿/￿￿￿￿7XUNLVK￿MRXUQDO￿RI￿ERWDQ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
7D˙NLQ￿￿.￿￿0￿￿￿￿7XUJXW￿￿.￿￿￿￿￿￿￿￿,Q￿YLWUR￿UHJHQHUDWLRQ￿RI￿VHVDPH￿￿6HVDPXP￿LQGLFXP￿/￿￿￿￿
7XUNLVK￿MRXUQDO￿RI￿ERWDQ\￿￿￿￿￿￿￿￿￿￿￿￿
7KRP†XV￿￿6￿￿￿&DUOVVRQ￿￿$￿￿6￿￿￿￿6W\PQH￿￿6￿￿￿￿￿￿￿￿￿'LVWULEXWLRQ￿RI￿IDWW\￿DFLGV￿LQ￿SRODU￿DQG￿
QHXWUDO￿OLSLGV￿GXULQJ￿VHHG￿GHYHORSPHQW￿LQ￿$UDELGRSVLV￿WKDOLDQD￿JHQHWLFDOO\￿HQJLQHHUHG￿WR￿
SURGXFH￿DFHW\OHQLF￿￿HSR[\￿DQG￿K\GUR[\￿IDWW\￿DFLGV￿￿3ODQW￿VFLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
7LPPV￿￿5￿￿(￿￿￿￿￿￿￿￿)UDFWLRQDO￿FU\VWDOOLVDWLRQ￿￿￿WKH￿IDW￿PRGLILFDWLRQ￿SURFHVV￿IRU￿WKH￿￿￿VW￿
FHQWXU\￿￿(XURSHDQ￿MRXUQDO￿RI￿OLSLG￿VFLHQFH￿DQG￿WHFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿
7MRNURNXVXPR￿￿'￿￿￿+HLQULFK￿￿7￿￿￿￿:\OLH￿￿6￿￿￿￿￿￿￿￿9DFXXP￿LQILOWUDWLRQ￿RI￿3HWXQLD￿K\EULGD￿
SROOHQ￿ ZLWK￿ $JUREDFWHULXP￿ WXPHIDFLHQV￿ WR￿ DFKLHYH￿ SODQW￿ WUDQVIRUPDWLRQ￿￿ 3ODQW￿ FHOO￿
UHSRUWV￿￿￿￿￿￿￿±￿￿￿￿￿
7ULHX￿￿$￿￿7￿￿￿%XUOHLJKHW￿￿6￿￿+￿￿￿.DUGDLOVN\￿￿,￿￿9￿￿￿0DOGRQDGR￿0HQGR]D￿￿,￿￿(￿￿￿9HUVDZ￿￿:￿￿
.￿￿￿%OD\ORFN￿￿/￿￿$￿￿￿6KLQ￿￿+￿￿￿&KLRX￿￿7￿￿-￿￿￿.DWDJL￿￿+￿￿￿'HZEUH￿￿*￿￿5￿￿￿:HLJHO￿￿'￿￿￿￿
+DUULVRQ￿￿0￿￿-￿￿￿￿￿￿￿￿7UDQVIRUPDWLRQ￿RI￿0HGLFDJR￿WUXQFDWXOD￿YLD￿LQILOWUDWLRQ￿RI￿VHHGOLQJV￿
RU￿IORZHULQJ￿SODQWV￿ZLWK￿$JUREDFWHULXP￿￿7KH￿SODQW￿MRXUQDO￿￿￿￿￿￿￿±￿￿￿￿
8]XQ￿￿%￿￿￿hOJHU￿￿6￿￿￿￿dD˜LUJDQ￿￿0￿￿ ￿￿￿￿￿￿￿￿&RPSDULVRQ￿RI￿GHWHUPLQDWH￿DQG￿LQGHWHUPLQDWH￿
W\SHV￿RI￿VHVDPH￿IRU￿RLO￿FRQWHQW￿DQG￿IDWW\￿DFLG￿FRPSRVLWLRQ￿￿7XUNLVK￿MRXUQDO￿RI￿DJULFXOWXUH￿
DQG￿IRUHVWU\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
9RHONHU￿￿7￿￿￿￿.LQQH\￿￿$￿￿-￿￿￿￿￿￿￿￿9DULDWLRQV￿LQ￿WKH￿ELRV\QWKHVLV￿RI￿VHHG￿VWRUDJH￿OLSLGV￿￿
$QQXDO￿UHYLHZV￿RI￿SODQW￿SK\VLRORJ\￿DQG￿SODQW￿PROHFXODU￿ELRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
9RHONHU￿￿7￿￿$￿￿￿:RUUHOO￿￿$￿￿&￿￿￿$QGHUVRQ￿￿/￿￿￿%OHLEDXP￿￿-￿￿￿)DQ￿￿&￿￿￿+DZNLQV￿￿'￿￿-￿￿￿5DGNH￿￿
6￿￿(￿￿￿￿0DHORU￿'DYLHV￿￿+￿￿￿￿￿￿￿￿)DWW\￿DFLG￿ELRV\QWKHVLV￿UHGLUHFWHG￿WR￿PHGLXP￿FKDLQV￿LQ￿
WUDQVJHQLF￿RLOVHHG￿SODQWV￿￿6FLHQFH￿￿￿￿￿￿￿￿±￿￿￿￿
:HLVV￿￿(￿￿$￿￿￿￿￿￿￿￿2LOVHHG￿FURSV￿￿/RQJPDQ￿,QF￿￿￿1HZ￿<RUN￿￿SS￿￿￿￿￿￿￿￿￿￿￿
:HODQGHU￿￿0￿￿￿￿￿￿￿￿3ODQW￿UHJHQHUDWLRQ￿IURP￿OHDI￿DQG￿VWHP￿VHJPHQWV￿RI￿VKRRWV￿UDLVHG￿LQ￿
YLWUR￿IURP￿PDWXUH￿DSSOH￿WUHHV￿￿-RXUQDO￿RI￿SODQW￿SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
:HUH￿￿%￿￿$￿￿￿/HH￿￿0￿￿￿￿6W\PQH￿￿6￿￿￿￿￿￿￿￿9DULDWLRQ￿LQ￿VHHG￿RLO￿FRQWHQW￿DQG￿IDWW\￿DFLG￿
FRPSRVLWLRQ￿RI￿6HVDPXP￿LQGLFXP￿ /￿￿ DQG￿ LWV￿ ZLOG￿ UHODWLYHV￿LQ￿.HQ\D￿￿-RXUQDO￿RI￿WKH￿￿
6ZHGLVK￿VHHG￿DVVRFLDWLRQ￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
:LQNHOPDQQ￿￿ 7￿￿￿ .DYLDQL￿￿ .￿￿ ￿￿ 6HUHN￿￿ 0￿￿ ￿￿￿￿￿￿ 'HYHORSPHQW￿ RI￿ D￿ VKRRW￿ UHJHQHUDWLRQ￿
SURWRFRO￿IRU￿JHQHWLF￿WUDQVIRUPDWLRQ￿LQ￿3HODUJRQLXP￿]RQDOH￿DQG￿3HODUJRQLXP￿SHOWDWXP￿
K\EULGV￿￿3ODQW￿FHOO￿WLVVXH￿DQG￿RUJDQ￿FXOWXUH￿￿￿￿￿￿￿￿￿￿￿￿
;X￿￿=￿￿4￿￿￿-LD￿￿-￿￿)￿￿￿￿+X￿￿=￿￿'￿￿￿￿￿￿￿￿6RPDWLF￿HPEU\RJHQHVLV￿LQ￿6HVDPXP￿LQGLFXP￿/￿￿FY￿￿
1LJUXP￿￿-RXUQDO￿RI￿SODQW￿SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
<DGDY￿￿1￿6￿￿￿:LHU]ELFNL￿￿$￿￿￿$HJHUWHU￿￿0￿￿￿&DVWHU￿￿&￿￿6￿￿￿3pUH]￿*UDX￿￿/￿￿￿.LQQH\￿￿$￿￿-￿￿￿
+LW]￿￿:￿￿'￿￿￿%RRWK￿-U￿￿￿5￿￿6FKZHLJHU￿￿%￿￿6WHFFD￿￿.￿$OOHQ￿￿6￿￿0￿￿￿%ODFNZHOO￿￿0￿￿￿5HLWHU￿￿5￿￿
6￿￿￿&DUOVRQ￿￿7￿-￿￿￿5XVVHOO￿￿6￿￿+￿￿￿)HOGPDQQ￿￿.￿￿$￿￿￿3LHUFH￿￿-￿￿￿￿%URZVH￿￿-￿￿￿￿￿￿￿￿&ORQLQJ￿
RI￿+LJKHU￿3ODQW￿ ￿￿￿)DWW\￿$FLG￿'HVDWXUDVHV￿￿3ODQW￿SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
<HUPDQRV￿￿ '￿￿ 0￿￿￿ +HPVWUHHW￿￿ 6￿￿￿ 6DOHHE￿￿ :￿￿ ￿￿ +XVNDU￿￿ &￿￿ .￿￿ ￿￿￿￿￿￿ 2LO￿ FRQWHQW￿ DQG￿
FRPSRVLWLRQ￿RI￿WKH￿VHHG￿LQ￿WKH￿ZRUOG￿FROOHFWLRQ￿RI￿VHVDPH￿LQWURGXFWLRQV￿￿-RXUQDO￿RI￿WKH￿
$PHULFDQ￿RLO￿FKHPLVWV￿￿VRFLHW\￿￿￿￿￿￿￿±￿￿￿￿
<RXQJKHH￿￿.￿￿￿￿￿￿￿￿(IIHFWV￿RI￿%$￿￿1$$￿￿￿￿￿￿￿'￿DQG￿$J12￿￿WUHDWPHQWV￿RQ￿WKH￿FDOOXV￿
LQGXFWLRQ￿DQG￿VKRRW￿UHJHQHUDWLRQ￿IURP￿K\SRFRW\O￿DQG￿FRW\OHGRQ￿RI￿VHVDPH￿￿6HVDPXP￿
LQGLFXP￿/￿￿￿￿-RXUQDO￿RI￿WKH￿.RUHDQ￿VRFLHW\￿RI￿KRUWLFXOWXUDO￿VFLHQFH￿￿￿￿￿￿￿￿￿
<XNDZD￿￿ <￿￿￿ 7DNDLZD￿￿ )￿￿￿ 6KRML￿￿ .￿￿￿ 0DVXGD￿￿ .￿￿ ￿￿ <DPDGD￿￿ .￿￿ ￿￿￿￿￿￿ 6WUXFWXUH￿ DQG￿
H[SUHVVLRQ￿ RI￿ WZR￿ VHHG￿VSHFLILF￿ F'1$￿ FORQHV￿ HQFRGLQJ￿ VWHDUR\O￿DF\O￿ FDUULHU￿ SURWHLQ￿
GHVDWXUDVH￿IURP￿VHVDPH￿￿6HVDPXP￿LQGLFXP￿/￿￿3ODQW￿DQG￿FHOO￿SK\VLRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿ ￿
$FNQRZOHGJHPHQWV￿
,￿DP￿YHU\￿JUDWHIXO￿WR￿0LFKDHO￿/HH￿IRU￿DVVLVWLQJ￿LQ￿SURMHFW￿IRUPXODWLRQ￿DQG￿LQLWLDO￿
VXSHUYLVLRQ￿RI￿WKH￿UHVHDUFK￿￿<RX￿WDXJKW￿PH￿WKH￿EDVLFV￿WKDW￿,￿QHHGHG￿WR￿JHW￿JURXQGHG￿
LQ￿WKH￿VWXG\￿SURJUDP￿￿
,￿DP￿WKDQNIXO￿WR￿P\￿VXSHUYLVRUV￿￿0DUJDUHWD￿:HODQGHU￿￿$QGHUV￿&DUOVVRQ￿￿$XJXVWLQR￿
2QNZDUH￿DQG￿6DPXHO￿*XGX￿￿IRU￿WKH￿JXLGDQFH￿￿HQFRXUDJHPHQW￿￿LGHDV￿VKDUHG￿DQG￿WKH￿
VNLOOV￿LPSDUWHG￿WR￿PH￿DV￿ZH￿ZRUNHG￿WRJHWKHU￿￿,￿KDYH￿OHDUQW￿PXFK￿IURP￿\RX￿￿0RUH￿
WKDQNV￿WR￿$QGHUV￿&DUOVVRQ￿IRU￿IDFLOLWDWLQJ￿P\￿FRQWLQXDWLRQ￿DW￿6/8￿DIWHU￿0LFKDHO￿
/HH￿V￿GHSDUWXUH￿￿,￿DP￿WKDQNIXO￿WR￿0DUJDUHWD￿:HODQGHU￿IRU￿EULQJLQJ￿QHZ￿OLIH￿LQWR￿
WKH￿ SURMHFW￿￿ HVSHFLDOO\￿ LQ￿ WKH￿ WLVVXH￿FXOWXUH￿ZRUN￿￿ZKHQ￿KRSH￿ZDV￿DOPRVW￿JRQH￿￿
7KDQN￿\RX￿DOVR￿IRU￿WKH￿RSSRUWXQLW\￿WR￿SDUWLFLSDWH￿LQ￿&267￿￿￿￿￿DFWLYLWLHV￿￿,￿DP￿
JUDWHIXO￿ WR￿ $XJXVWLQR￿ 2QNZDUH￿ DQG￿ 6DPXHO￿ *XGX￿ IRU￿ PDQDJHPHQW￿ RI￿ ILHOG￿
H[SHULPHQWV￿LQ￿P\￿DEVHQFH￿￿7KDQN￿\RX￿DOVR￿IRU￿KDQGOLQJ￿DGPLQLVWUDWLYH￿LVVXHV￿ZLWK￿
P\￿HPSOR\HU￿￿
7KDQNV￿WR￿6WHQ￿6W\PQH￿IRU￿DFFHSWLQJ￿PH￿LQWR￿WKH￿IDW￿JURXS￿DV￿D￿VWXGHQW￿￿DQG￿IRU￿
QLFH￿GLVFXVVLRQV￿DV￿ZHOO￿DV￿UHYLHZLQJ￿P\￿PDQXVFULSWV￿￿,￿ZLOO￿QRW￿IRUJHW￿WR￿DOVR￿
WKDQN￿\RX￿IRU￿WKH￿6WHULVRO￿VSUD\￿￿,￿ZRXOG￿OLNH￿WR￿WKDQN￿DOO￿ZKR￿ZHUH￿SDUW￿RI￿WKH￿
UHVHDUFK￿ JURXS￿ GXULQJ￿ P\￿ VWD\￿ DW￿ 6/8￿ IRU￿ WKH￿ HGXFDWLYH￿ GLVFXVVLRQV￿￿
HQFRXUDJHPHQWV￿￿SUDFWLFDO￿KHOS￿￿DQG￿LQ￿DOO￿￿WKH￿WLPH￿VSHQW￿ZLWK￿\RX￿￿,￿KDYH￿HQMR\HG￿
EHLQJ￿SDUW￿RI￿WKH￿JURXS￿￿$QWRQL￿%DQDV￿\RX￿KDYH￿WDXJKW￿PH￿D￿ORW￿￿
,￿DP￿DOVR￿JUDWHIXO￿WR￿+HQHHQ￿:DKHHE￿￿$UQXOI￿0HUNHU￿DQG￿7RPDV￿%U\QJHOVVRQ￿IRU￿
UHYLHZLQJ￿P\￿ZRUN￿￿DQG￿WR￿6DOOD￿0DUWWLOD￿DQG￿5LFNDUG￿,JQHOO￿IRU￿DVVLVWLQJ￿ZLWK￿
PLFURVFRS\￿￿￿
,￿DFNQRZOHGJH￿WKH￿3K'￿FRXUVH￿UHODWHG￿JXLGDQFH￿DQG￿FRQVXOWDQF\￿SURYLGHG￿E\￿(YD￿
-RKDQVVRQ￿DQG￿(UODQG￿/LOMLHURWK￿￿
0XFK￿DSSUHFLDWLRQ￿WR￿DOO￿WKH￿WHFKQLFDO￿VWDII￿IRU￿WKH￿FRRSHUDWLRQ￿DQG￿VXSSRUW￿WKH\￿
RIIHUHG￿PH￿￿7KDQN￿\RX￿IRU￿DOZD\V￿EHLQJ￿WKHUH￿￿,￿DP￿JUDWHIXO￿WR￿+HOpQ￿/LQGJUHQ￿DQG￿
$QQHOLH￿$KOPDQ￿IRU￿DVVLVWDQFH￿ZLWK￿ODERUDWRU\￿ZRUN￿DQG￿KDQGOLQJ￿RWKHU￿SUDFWLFDO￿
WKLQJV￿￿,￿KDYH￿EHQHILWHG￿IURP￿\RXU￿VNLOO￿DQG￿JUHDWO\￿DSSUHFLDWH￿KDYLQJ￿ZRUNHG￿ZLWK￿
\RX￿￿ 7KDQNV￿ 0DULD￿/RXLVD￿ 3ULHWR￿/LQGH￿ IRU￿ WKH￿ FRQFHUQ￿ \RX￿ RIWHQ￿ VKRZHG￿ DQG￿
ZLOOLQJQHVV￿WR￿KHOS￿￿,￿DP￿JUDWHIXO￿WR￿6XVDQQH￿+MHUGLQ￿IRU￿WKH￿QLFH￿WKLQJV￿WKDW￿\RX￿
DOZD\V￿GR￿￿
,￿DP￿JUDWHIXO￿WR￿0DOLQ￿.DUOVVRQ￿DQG￿6WHIDQ￿7KRP†XV￿IRU￿RULHQWDWLRQ￿DQG￿DOO￿WKH￿
GLIIHUHQFH￿\RX￿PDGH￿￿
0DQ\￿WKDQNV￿$JQHVH￿.RORGLQVND￿DQG￿5DPXQH￿.XNWDLWH￿￿P\￿KRXVHPDWHV￿GXULQJ￿P\￿
HDUO\￿\HDUV￿LQ￿6ZHGHQ￿￿IRU￿H[WHQGLQJ￿\RXU￿DUP￿RI￿IULHQGVKLS￿DQG￿IRU￿DOO￿WKH￿DFWLRQ￿￿￿
7KDQN￿\RX￿.ULVWLQD￿6DQWpQ￿DQG￿0RQLFD￿/RWILQLD￿IRU￿WKH￿FKDUP￿\RX￿H[XGH￿￿￿ ￿￿￿
/LQXV￿0DVXPEXNR￿￿,￿DSSUHFLDWH￿\RXU￿FRPSDQLRQVKLS￿DQG￿VXSSRUW￿￿<RX￿KHOSHG￿PH￿
EHDU￿PDQ\￿EXUGHQV￿￿5HPHPEHU￿WKH￿3HWUL￿GLVKHV￿RQH￿&KULVWPDV￿GD\"￿$KVDQWH￿VDQD￿￿￿
7R￿RWKHU￿IHOORZ￿VWXGHQWV￿,￿KDYH￿LQWHUDFWHG￿ZLWK￿￿6YHWODQD￿/HRQRYD￿￿cVD￿(NPDQ￿￿
6KX￿&KLQ￿ +\VLQJ￿￿ 3HUQLOOD￿ (OOQHVNRJ￿￿ $OLFLD￿ 6DQFKH]￿￿ .DWKDULQD￿ +RII￿￿ 0RQLND￿
6HGLUD￿￿.HEHEHZ￿$VVHID￿￿7LOH\H￿)H\LVVD￿￿(VD\DV￿$JD￿￿*HQHW￿%LUPHWD￿￿<RKDQQHV￿
3HWURV￿￿)DULV￿+DLOX￿￿0XODWX￿*HOHWD￿￿6LMX￿￿7KX\￿DQG￿7RDQ￿￿WKDQN￿\RX￿IRU￿WKH￿JRRG￿
WLPHV￿ZH￿VKDUHG￿DQG￿\RXU￿FRQWULEXWLRQV￿WR￿P\￿VXFFHVVIXO￿FRPSOHWLRQ￿RI￿WKH￿FRXUVH￿￿
$QG￿WR￿DOO￿RWKHUV￿DW￿WKH￿'HSDUWPHQW￿RI￿&URS￿6FLHQFH￿￿WKDQNV￿IRU￿WKH￿FRQGXFLYH￿
ZRUNLQJ￿ HQYLURQPHQW￿ \RX￿ FUHDWHG￿￿ 6SDFH￿ FDQQRW￿ DOORZ￿ PH￿ WR￿ PHQWLRQ￿ DOO￿
LQGLYLGXDOO\￿￿EXW￿,￿WUXO\￿DSSUHFLDWH￿\RXU￿HDFK￿RQH￿V￿SHUVRQDO￿FRQWULEXWLRQ￿WR￿P\￿
FRPIRUWDEOH￿VWD\￿DW￿$OQDUS￿￿
,￿JUDWHIXOO\￿DFNQRZOHGJH￿WKH￿6ZHGLVK￿,QWHUQDWLRQDO￿'HYHORSPHQW￿$JHQF\￿￿6,'$￿
IRU￿ILQDQFLDO￿VXSSRUW￿WKURXJK￿WKH￿%,2￿($51￿SURJUDP￿￿6LQFHUH￿WKDQNV￿WR￿%HQLWD￿
)RUVPDQ￿ DQG￿ ,YDU￿ 9LUJLQ￿ RI￿ WKH￿ %,2￿($51￿ 6HFUHWDULDW￿ DW￿ WKH￿ 6WRFNKROP￿
(QYLURQPHQW￿ ,QVWLWXWH￿ ￿6(,￿￿IRU￿WKHLU￿H[FHOOHQW￿DGPLQLVWUDWLYH￿UROH￿DQG￿SUDFWLFDO￿
KHOS￿￿ZKLFK￿KDYH￿EHHQ￿YLWDO￿IRU￿P\￿IUXLWIXO￿VWD\￿LQ￿6ZHGHQ￿￿
,￿ZRXOG￿OLNH￿WR￿WKDQN￿WKH￿0RL￿8QLYHUVLW\￿DGPLQLVWUDWLRQ￿IRU￿JUDQWLQJ￿PH￿SHUPLVVLRQ￿
WR￿EH￿DZD\￿IURP￿ZRUN￿WKURXJKRXW￿WKH￿SHULRG￿RI￿VWXG\￿￿ZLWKRXW￿ZKLFK￿,￿ZRXOG￿QRW￿
KDYH￿FRPH￿VR￿IDU￿￿
/DVWO\￿￿,￿ZLVK￿WR￿H[SUHVV￿P\￿JUDWLWXGH￿WR￿P\￿IDPLO\￿IRU￿WKH￿FRQWLQXHG￿PRUDO￿VXSSRUW￿
DQG￿LQVSLUDWLRQ￿\RX￿KDYH￿JLYHQ￿PH￿￿<RX￿GLG￿QRW￿ORVH￿SDWLHQFH￿LQ￿VSLWH￿RI￿P\￿ORQJ￿
DEVHQFH￿IUREP￿KRPH￿￿